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INTRODUCTION. 


Tiiic  necessity  for  an  abundant  supply  of  pure  water  to  ]nrf^o  cities  hns  never 
been  questioned.  Wherever  a  dense  population  i«  gathered  togotlior  on  ti  limited  area 
the  slender  nmount  derived  from  wells  or  cisterns  is  liablo  to  be  rendered  iinpin-e,  while 
the  labor  of  raising  it  deters  many  from  using  water  freely  for  sanitary  or  household 
purposes.  A  plentiful  and  unfailing  public  supply  furnishes  also  the  means  for  cleansing 
sewers,  and  the  prompt  quenchmg  of  fires.  Manufactories,  public  baths,  and  Hhii)ping 
require  large  quantities  of  pure  water,  at  a  moderate  cost.  The  certainty  of  haviiig  it 
thus  furnished,  attracts  and  fixes  much  business  which  would  otherwise  be  scutUirod 
over  the  country. 

All  these  requirements  can  only  be  mot  by  a  supply  delivered  with  eucli  a  head 
that  the  water  vnW  rise  fVeely  to  the  highest  portioiiB  of  buildings,  even  after  the  loss  of 
much  of  its  prcssm-e  while  passing  through  the  mains  and  branches. 

Should  11  i>ure  stream  or  lake  at  a  sufficient  elevation,  be  found  near  a  city,  the  water 
can  be  dcUvered  by  a  gravitating  supply,  us  in  the  case  of  the  Croton  water  in  the  city 
of  New  York.  If,  however,  the  level  of  the  source  will  not  pennit  this,  recourse  must  he 
had  to  artificial  means,  in  order  to  raise  the  water  into  the  distributing  reservoirs.  In 
either  case  supply  ponds  must  be  prepared,  in  order  to  insure  a  constant  level  of 
delivery  into  the  conduits  or  mains. 

When  a  gravitating  supply  is  not  possible  or  advisable,  the  structures  for  conducting 
it  may  be  made  simpler,  for  the  conduits  may  be  placed  at  much  lower  levels,  and  costly 
aqueducts,  such  as  the  one  over  the  Harlem  river  near  New  York,  may  bo  avoided.  A 
proper  place  for  the  engine  which  is  to  raise  the  water,  is  to  be  selected  as  near  as 
possible  to  the  distributing  reservoir,  in  order  to  save  loss  of  power  by  friction  in  the 
rising  mains.  If  steam  is  used,  the  reser\'oir  may  be  smaller  than  in  the  caao  of  an  inter- 
mittent engine  driven  by  wind  or  water. 

Among  the  ancients,  the  Romans  more  especially  sought  to  obtain  an  abundant 
supply  of  water  for  their  capital,  and  have  constructed  the  largest  known  aqueducta 
until  modem  times.  Nineteen  aqueducts,  with  a  gravitating  supply  at  a  moderate  head, 
brought  to  the  imperial  city  as  many  streams,  which  supplied  their  fountains  and  baths. 
These  works,  few  in  number  previous  to  the  time  of  Ceesar,  were  constructed  l>y  citizens 
an.xiou8  to  win  popularity,  and  some  of  them  are  in  use  at  the  present  time.  Another  of 
them  has  been  recently  reported  aa  nearly  perfect,  and  capable  of  being  repaired  at  a 
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gmaU  cost.  These  aqueducts  crossed  the  Campagna,  or  level  lands  around  Rome,  supported 
on  high  arches.  The  water  was  carried  m  open  channels,  and  as  few  pipes  as  possible 
were  used  for  the  distribution.  It  wa3  a  natural  prejudice  in  favor  of  conduits  over 
leaden  pipes,  which  were  expensive  and  injurious  to  the  water,  that  led  to  the  construction 
of  these  graviUiting  suppUes.  The  laws  of  hydrostatics  were  well  understood  at  the  time, 
but  the  manufacture  of  pipes  of  any  material  but  lead,  or  perhaps  copper,  was  not 
understood.  These  leaden  pipes  with  bronze  faucets  are  found  under  the  ruins  of  Pompeii, 
and  one  piece  of  such  a  pipe,  about  eight  inches  in  diameter,  is  preserved  in  the 
Museum  at  Naples,  with  water  contained  in  the  closed  faucet,  which  has  been  there  over 

eighteen  hundred  years. 

Many  supplies  are  furnished  to  the  older  European  cities  through  leaden  pipes, 
sometimes  bringing  the  water  from  a  gi-eat  distance,  and  leading  it  to  the  pubHc  fountains, 
whence  it  is  carried  in  pails  to  the  consumers.  The  loss  of  head,  owing  to  the  small 
size  of  the  pipe  and  imperfect  construction,  is  very  great,  and  the  use  of  lead  is 
objectionable,  though  if  the  water  is  not  too  soft  it  may  not  become  much  deteriorated 
in  tliem. 

The  invention  of  the  steam-engine,  and  of  the  method  of  making  cast-iron  pipes, 
has  much  reduced  the  cost  of  water-works.  A  pumping  supply,  delivered  by  eight 
different  companies,  furnishes  London,  with  its  three  miUions  of  inhabitants,  with  a 
supply  about  double  of  that  of  the  Croton.  Paris  has  one  gravitating  and  several 
pumping  supphes,  the  aggregate  being  a  very  meagre  amount  for  so  large  a  population. 

A  perfect  pipe  distribution  involves  a  great  amount  of  en^eering  skill  and  mechanical 
ingenuity.  The  reservoir  may  well  be  compared  to  the  heart,  and  the  pipe  distribution 
to  the  arteries,  of  a  living  being.  The  vidves  and  capillary  vessels  of  the  arteries  are 
represented  by  the  stop-cocks  and  service-pipes ;  while,  to  carry  out  the  simile,  the  sewers 
may  be  likened  to  the  veins,  which  carry  off  the  impure  blood  after  it  has  performed  its 
vital  functions. 

When  a  city  has  determined  to  procure  for  itself  an  artificial  supply  of  water,  the 
virrious  sources  for  such  a  supply  have  to  be  carefully  examined.  An  examination  of  the 
quality,  capacity,  and  permanence  of  the  sources,  and  of  their  relative  distance,  together 
with  a  study  of  their  levels  and  of  the  line  of  condmts  to  the  engines  or  reservoirs,  must 
be  carefiilly  made.  Then  the  proper  position  for  one  or  more  reservoirs  must  be 
selected,  with  reference  to  height  and  convenience  to  the  influent  supply,  and  the 
effluent  delivery.  The  track  of  the  principal  distributing  mains  must  be  laid  out,  so  as 
to  avoid  abrupt  bends,  or  too  many  and  too  sudden  changes  in  them.  The  details  of  the 
constructions,  and  the  precise  position  or  size  of  many  of  them,  will  require  more  detailed 
siu-veys,  calcxilations  and  designs,  in  case  the  preliminary  studies  have  been  accepted 
as  proper  to  the  end  in  view. 

lu  the  case  of  the  Brooklyn  water  supply,  the  question  was  hmited  to  a  choice 
between  a  supply  derived  from  large  wells  or  from  the  small  streams  which  water 
the  southerly  slopes  of  Long  Island,  the  nearest  of  which  is  over  ten  miles  from 
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the  heart  of  the  city.  This  question  was  (liscutwed  for  iiumy  yeiira  botbro  the  liiml 
preference  was  given  to  the  supitly  from  tho  pure  luiU  mn  or-faiHng  ishuul  slremna. 

Althongh  there  can  l>c  no  ilonbt  at  tho  present  time,  that  a  city  of  noftrly  lour 
hundred  thousand  souls  could  nut  derive  an  adequate  supply  from  welln,  thero  exiMeil 
a  very  reasonable  prejudioe  in  favor  t»f  sueh  u  soureo  of  supply  when  tho  population 
was  not  one-t«ulh  as  large.  Even  now,  wiiere  the  pipe  distrilmlion  hiw  not  Imtii 
extended,  miiuy  depend  upon  cisterns  or  tlie  public  wells  for  their  hoiiseluibl  supply, 
where  the  water  which  they  furnish  is  pure.  At  nny  point  on  the  southerly  .Hh)pi'  of  the 
island,  and  at  most  places  ou  the  opposite  slope  where  strata  of  elay  do  not  inlerfero 
with  the  free  percolation  of  the  rain-fall  to  the  uuvin  wiu'ing,  nil  Unit  is  necossury  in 
order  to  procure  a  sure  tliough  slender  water  supply,  is  to  sink  a  well  to  thia 
main  spring  or  permanent  water  stratum.  At  a  depth  determined  l»y  the  dillcrenre 
between  the  surface  level  and  the  level  of  this  water-heiiring  gravel  lu-d,  whirh  Hlopya 
very  gently  upwards  from  the  sea,  the  supply  is  roaehod.  Near  the  veii  tlie  wells  may 
be  only  ten  feet  deep,  while  on  the  liigher  slopes  of  the  cuntral  ridge  they  Imve  been  ounk 
to  a  depth  of  one  hundred  and  twenty-live  feet.  An  alltnvunre  of  ah(nit  two  feet  to  each 
mile  of  distance  from  the  shore  determines  tlie  point  at  which  tlie  level  of  fresh  water  in 
these  wells  will  stand.  They  never  dry  up,  and  furnish  a  pure  though  rather  hard  wiili-r, 
pleasant  to  drink,  and  often  lit  for  washiug.  No  drought  ever  alfects  them  ni  the 
sUghtcst  degree,  and  no  copious  rain-fall  disturbs  them  unless  u  clay  bed  nhouhl  change 
the  course  of  the  ui&ltrating  water;  a  cnso  which  rarely  occurs.  I'lven  when  a  Htcam- 
eugine  is  used  to  pump  from  them,  they  furnisli  a  supply  j)ruporlioned  to  the  rapidity 
with  which  the  water  can  pass  tiirough  the  gravel  in  which  it  lies. 

It  was,  therefore,  from  svieh  a  soiu-ce  that  it  wiw  at  first  projjoscd  to  dcrivi-  u 
general  supply.  Perhaps  a  city  of  thirty  thousand  souls  could  tliu.s  bo  umply  furnished 
with  iUl  the  water  it  could  use,  but  with  a  rapidly  increasing  popuhilion  it  woultl 
not  be  safe  to  rely  upon  the  numerous  wells  wliich  would  be  recjuired,  ami  wliidi 
would  demand  a  separate  engine  at  almost  each  well,  and  perhaps  an  equal  number 
of  stand-pipes  or  reservoirs.  The  question  as  to  whether  the  supply  from  these 
wells  could  he  depended  on  in  case  the  level  of  the  main  spring  vfoa  towered  by 
the  excessive  drain  upon  its  capacity,  was  discussed  in  an  able  re])ort  made  by  the 
lat«  John  S.  Stoddard  to  the  Water  Committee  of  the  Connnon  Council  in  iSol. 
His  conclusions  were  unfavorable  to  the  well  system,  and  in  favor  of  a  supjjly 
derived  from  the  streams  which  drain  the  main  spring.  After  this  the  atl<Mitioti  of 
the  authorities  seems  to  have  been  turned  exclusively  to  this  latter  source  of  supply. 

We  shall  briefly  renew  the  reports  made  to. tho  City  Council  by  various  successive 
Water  Committees,  each  one  of  which  labored  earnestly  to  procure  the  desircil  information 
in  as  clear  and  practical  a  form  as  was  possible  with  the  sometimes  hmited  means  at 
its  disposal.  To  the  gradually  accumulated  data  and  explorations  procured  and  made 
for  these  committees  by  engineers  of  experience,  we  owe  tiie  incejilion  of  the 
present  works.    It  required  years  to  convince  even  many  of  our  moat  practical  fcliow- 
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citizeiiB  that  an  abundant  and  the  only  certain  supply  could  be  brought  at  a  moderate 
cost,  and  without  any  natural  difficulties  to  oppose  it,  from  the  clear  and  unfailing  streams 
on  the  island. 

The  first  movement  of  the  kind  was  made  in  ISU,  the  year  iu  which  the  village 
was  incorporated  as  a  city,  and  when  it  contaiued  a  population  of  but  twenty-three 
tliousand  souls.  The  committee,  Messrs.  Gabriel  Purmau  and  James  Walters,  made  a 
report,  dated  March  24,  1834,  which  is  to  be  found  on  the  village  records.  They 
recommended  that  wells  should  be  sunk  at  the  base  of  the  hill  on  which  Fort  Green 
(now  Washington  Park)  was  situated,  and  that  the  water  should  be  thence  raised  by 
steam-pumps  to  a  reservob-  on  the  hill.  Their  estimate  for  the  works,  including  eleven 
miles  of  ten  and  four-inch  pipe,  was  one  hundred  thousand  dollars,  with  an  annual 
expense  of  ten  thousand  dollars.    This  report  was  not  acted  on. 

Although  tlie  subject  was  often  a^tatcd,  no  formsd  action  was  taken  towards 
procuring  a  public  water  supply  until  1847,  when  the  population  had  become  three 
times  as  large  as  in  1834.  Messrs.  D.  A.  Bokee,  John  Stansbury,  and  J.  W.  Cochran 
were  iu  that  year  appointed  a  special  committee  for  the  above-named  purpose,  and 
submitted,  December  20,  1847,  the  opinion  of  Major  D.  li.  Douglass  as  their  report. 
This  distinguished  engineer,  who  first  projected  the  Croton  Works  for  New  York,  after 
cousideriug  the  various  sovnxes  of  a  supply,  recommended  one  drawn  from  wells  to  be 
sunk  south  of  the  hills,  the  water  to  be  raised  by  steam-power  to  a  reservoir  commanding 
a  head  of  thirty  to  forty  feet  above  the  highest  houses  on  the  heights  along  the  river. 
No  sm-veys  or  estimates  were  made,  and  the  subject  was  not  again  examined  into 
until  1849. 

Mayor  Copeland,  iu  his  adtb-ess  to  the  Common  Council,  made  May  7,  1849, 
iUludcs  to  a  water  supply,  and  favors  the  well  system.  A  \Vater  Committee,  consisting 
of  Messrs.  George  B.  Fisk,  Ai'thur  W.  Benson,  George  Hall,  William  McDonald,  and 
J.  W.  Cochran,  made  a  short  report,  dated  January  8,  1849,  recommending  the  well 
system  agmn,  imd  submitted  a  chemical  analysis,  made  by  Dr.  John  Torrey,  of  the 
waters  from  wells  and  streams  on  the  island.  He  finds  18^  grains  of  solid  matter  in 
a  gjiUou  of  well  water  from  Mount  Prospect,  and  lO^  grains  in  the  water  from 
Jamaica  creek;  the  Croton,  according  to  Dr.  Chilton,  containing  4.16  grains.  The 
Committee  estimate  the  cost  of  the  works  at  eight  hundred  and  thirty  thousand  dollars. 
They  express  obligations  to  Messi-s.  William  Burden  and  John  Gracen,  among  others, 
for  plans,  suggestions,  and  information. 

It  is  proper,  here  to  state,  that  Mr.  Wm.  Burden  had  before  this  prepared  plans 
contemplating  a  supply  to  be  derived  from  Jamaica  creek,  the  first  constant  stream 
on  the  island  east  of  the  city,  and  which  is  now  in  use  for  that  purpose.  He  proposed 
to  place  an  engine  and  a  st«nd-pipe  at  each  stream,  aud  to  send  tlie  water  iu  iron 
pipes  to  a  pump-weU  at  Flatbush,  whence  another  engine  was  to  raise  it  to  a 
distributing  reservoir.  His  plan  is  noticed  by  Mr.  McAlpine,  in  the  Water  Report  of 
1852,  page  31.    To  Mr.  Burden  the  credit  is  due  of  fi,,t  pointing  out  the  true  and 
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only  unfailing  source  of  a  wntor  supply,  ami  it  is  to  bo  ro^reHuJ  llmt  the  Water 
roiimiittee  had  not  given  more  coiisifJoration  to  his  pruposuls. 

In  1851,  another  \Vati>r  Conuuittoe,  consistlnR  of  Messrs.  ('harles  R.  Miirviii.  I.  II. 
Smith,  Eilward  Pell,  llonry  K.  Kent,  nml  K.  li.  LitohlieM,  suhniitlc-l  \\u-  iuohI  iloluilo.l 
report  hitherto  prepared,  under  dale  uf  December  20,  1851.  An  apjirt)priutiun  hud 
been  made  to  defray  the  expenses  of  preliminary  surveya,  wliieh  enabled  this  committoo, 
headed  by  its  active  and  able  chairman,  to  take  hold  of  the  matter  in  earnewt.  They 
conaidted  the  distinjfuislied  engineers,  William  .1,  McAlpine  and  .Jniui  II.  Jervis,  who  had 
respectively  had  charge  of  the  construction  of  the  Albany  ami  New  Vitrk  Water  Works. 
Mr.  MeAlpine,  after  examining  the  various  proposed  means  of  supply,  couHiders  that 
derived  from  the  island  streams  as  the  only  one  of  peruumenl  value.  Ilr  hud  guugings 
made  of  the  streams,  commencing  October  11,  when  they  were  unpreccdenledly  low, 
with  the  following  results  : 
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He  describes  what  the  works  would  require  to  be,  and  acknowledges  his  obligations 
to  Messrs.  John  S,  Stoddard,  L.  S.  Naith,  and  VA.  11.  Tracey,  for  engineering  usMiHtancc 
in  making  the  exploring  survey. 

He  proposed  to  place  dams  on  the  first  four  of  the  streams  above  not<;d,  in  order 
to  insure  a  supply  of  ten  millions  of  gallons  a  day,  and  by  means  of  a  conduit  collect 
their  waters  in  Baiseley's  pond  (now  Jamaica  reservoir),  at  a  level  of  eleven  feet  six  inches 
above  tide.  Thence  a  conduit  was  to  carry  the  water  nine  miles,  in  cuttings  varying 
from  four  to  twenty  feet  deep,  to  a  pump-well,  whence  it  wa«  to  be  raised  to  a  rencrvoir 
of  oval  form,  containing  sixty  milUons  of  gallons,  on  Mount  ProMpcct,  one  iiundred  and 
ninety-one  feet  above  mean  tide.  Cornisli  pumping  engines  are  proposed,  one  only  to  be 
erected  at  first,  or  two  small  ones,  with  united  power  sufficient  to  raise  Uin  millions 
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of  gallouB  two  hundred  feet  in  twelve  hours.  The  rising  mains  were  to  be  thirty  inches 
in  diameter,  aud  from  six  to  tw  thousand  feet  long.  Tie  estimates  that  seventy-five 
miles  of  pipe  would  be  required  for  immediate  use.  The  cost  of  the  whole  work  he 
eatimates  at  three  and  a  half  miUions  of  dollars,  and  that  works  supplying  six  millions  of 
gallons  only,  with  capacities  for  fifteen  millions,  could  be  constructed  for  two  and  a  half 
millionfl. 

These  plans  and  specifications  show  gi'eat  skill  and  discretion  on  the  part  of  Mr. 
McAlpine,  and  are  more  fully  developed  in  the  report  of  1852.  Had  they  been  carried 
out  however,  the  city  would  have  been  called  upon  to  enlarge  them  almost  immediately, 
80  rapid  has  been  its  growth. 

Mr.  John  B.  Jervis  made  a  short  report  to  the  Committee,  not  based  on  surveys, 
but  recommending  a  supply  from  the  streams,  with  perhaps  recourse  to  wells  also. 

Conklin  Brush,  Esq.,  who  had  been  Mayor  of  the  city  in  1851,  and  who  took  a  warm 
interest  in  the  project,  in  liis  address  to  the  Common  Council,  January  5,  1852, 
commends  the  subject  to  its  most  careful  consideration.  The  committee,  at  the  close  of 
its  report  recomuiends  that  the  plan  of  Mr.  McAlpine  should  be  submitted  to  a  vote  of  the 
citizens,  and  that  if  the  result  should  be  favorable,  a  law  should  be  procured  from  the 
Legislature  authorizing  the  construction  of  the  works. 

An  election  was  du-ected  to  be  held  on  the  27th  of  January,  1852,  but  on  the  19th 
of  that  month,  the  Special  Committee  on  Water  for  that  year  asked  for  authority  and 
time  to  procure  more  detailed  plans  and  estimates,  and  recommended  that  the  resolution 
for  a  popular  vote  on  the  subject  be  rescinded  ;  all  this  was  done,  and  the  surveys  were 
prosecuted  with  more  attention  to  detail. 

The  Water  Committee  of  1852-Messr8.  Chas.  R.  Marvin,  Abraham  B.  Baylis,  Mont- 
gomery Queen,  George  W.  Stillwell,  and  Lemuel  B.  Hawshurst-received  from  Mr. 
McAlpine  a  fuU  report  with  plans  and  estimates  which  were  dated  April  15,  1852,  but 
which  were  not  published  until  the  close  of  the  year.  In  this  he  renews  the  whole  of  the 
hitherto  proposed  supplies,  viz..  from  the  Croton  or  Bronx  rivei-s  of  Westchester  county  from 
lakes  on  Long  Island,  from  wells  in  the  vicinity  of  tlie  city,  or  from  running  streams. 
He  then  describes  the  plan  of  supply  from  these  last,  which  he  considers  the  only  proper 
one  for  the  pm-pose.  and  gives  numerous  estimates  of  cost,  founded  on  a  supply  of  from 
five  to  thirty  millions  of  gallons  daily,  with  the  means  of  increasing  the  capacity  of  the 
works  if  needed.  The  estimates  vary  from  two  millions  six  hundi-ed  thousand  to  seven 
mdhons  eight  hundred  tliousaad  doUars.  His  estimate  of  thirty  gallons  daily  to  each 
mhabitant.  and  his  estimate  of  the  increase  of  population,  are  subjoined  : 

for  145.275  souls   1357,250  gallons  daily. 

^^^^  for  217.913  souls   0,537,390  " 


1865 
1870 


for  326.8G9  souls   9,805,970  " 


 for  490,303  souls   14.709  090  * 

^^^^  for  735.454  souls   22W.620  " 
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The  average  daily  consumption  for  18(15,  [s  given  in  tlio  report  of  the  Water 
Department  as  9,643,150,  a  remarkalilo  coinoidenee  with  this  estimate;  hul  Ilie  oonBiw 
returns  for  180)5  give  a  popuhitiou  of2lH»,ll2  only,  though  there  is  reason  to  la-Uevo  that 
this  is  much  too  low  a  figure,  and  that  the  city  contained  nearly  320,000  souIh  at  the  oloae 
of  that  year. 

It  is  impossible  here  to  do  ftdl  jiu^tice  to  llie  excellent  report  of  Mr.  MeAlpino  hy 
partial  extracts  from  it  only.  The  plans  and  dniwings  which  aeeonipany  the  rojiort 
were  not  (niblished,  but  are  preserved  at  the  nlliee  of  the  Water  OoTuniisHinnciti. 

The  Stunding  Committee  on  Wuter  for  1853  wan  as  follows:  Mesnrs.  Chaw.  11. 
Marvin,  A.  B.  Baylis,  John  A.  Dayton,  Lemuel  B.  llawxhurst  tmd  .John  Kico. 

In  his  address  of  .Innunry  3,  1853,  the  Mayor,  Kd.  A.  Lmnbert,  10s(|.,  urgi^n  the 
attention  of  the  Common  Council  towards  the  subject  of  n  water  supply,  and  Htrongly 
favors  the  plan  submitted  by  the  Committee  of  1852. 

On  the  eveninf^  of  January  21,  1853,  nn  interesting  dcbat*  look  place  in  the  Common 
Council  as  to  whether  the  city  should  oppose  the  application  to  the  LogiHlature  rtf  the 
Williamsburgh  Water  Company,  mentioned  fuither  on,  for  an  iTicreawo  of  capitul  mid 
change  of  name.  AMorman  Marvin  ollered  rcsolutioiis  to  this  puriioso  an<i  lor  tlie 
passage  of  the  law  prepared  by  the  Wuter  Conmiiltee,  iipproveil  by  tlic  (Council,  and 
then  pending  in  the  Legislature,  lie  reviewed  the  whole  Hubjcct,  and  ably  opposed  the 
grant  to  a  private  company  of  the  privilege  of  supplying  water  to  this  city. 

Without  entering  into  further  details  on  matters  which  wore  then  very  warmly 
debated  by  the  friends  of  both  projects,  it  will  bo  sufficient  hero  to  state  that  both  acta 
were  passed,  rather  lat«  in  the  session.  By  order  of  the  f'ommon  Council,  the  Mayor 
had  sent  to  the  Assembly  an  earnest  remonstrance  against  the  paKsage  of  the  bill  to 
increase  the  stock  and  privileges  of  the  private  company,  but  without  ell'oct. 

The  bill  prepared  by  the  city  authorities,  and  which  was  passed  Jimo  3,  1858, 
authorized  the  Common  Council  to  determine  in  what  manner  the  city  should  Ihj 
supplied  with  water,  and  directed  the  holding  of  a  special  election  in  order  to  Hubinit 
the  plans  last  mentioned,  to  the  vote  of  the  citi7x:n8, 

A  company,  imder  the  name  of  the  Williamsburgh  Water  Company,  ha/\  obtained 
a  charter  from  the  Legislature,  by  a  law  passed  April  HI,  1852,  which  authorized  il  to 
construct  works,  costing  not  over  five  hundred  thousand  rlollars,  for  t)io  Biipi>ly  of 
Williamsburgh  alone,  'i'his  company,  acting  on  the  ascertained  fact  that  the  only  proper 
source  of  a  supply  was  from  the  streams  on  the  soiitli  side  of  the  island,  proceedeil  to 
purchase  several  of  these,  thus  aiiticipaliiig  the  action  of  the  authorities  of  the  city  of 
Brooklyn.  It  obt&ined  an  amended  act,  which  was  passed  Juno  8,  1853,  changing  it« 
name  to  the  Long  Island  Water  Works  Company,  and  extending  it*  privileges  so  us 
to  make  its  capital  three  millions  of  dollars,  and  authorizing  it  to  supply  Brooklyn  q]$o 
with  water.  This  company  employed  Gen.  Ward  B.  Burnett  as  engineer  j  received  a 
preliminary  report  from  him  in  September,  1852,  and  a  fuller,  biit  still  a  general  one, 
embracing  estimates  and  plans  for  a  larger  supply,  in  January,  1853.     His  report 
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recommenda  the  coDstruction  of  a  receiving  reservoir  at  the  spot  where  the  present  one  has 
been  placed,  and  a  conduit  of  increasing  size  from  the  farthest  streams  to  the  pump-weU. 

The  election,  ordered  by  the  law  of  June  3d,  was  hold  on  the  11th  of  July  cnsiuug. 
7,693  votes  were  cast  out  of  a  population  of  about  116,000,  containing  probably  17.000 
votei-8.  Of  these  2,639  were  favorable  to  the  proposed  plan,  and  5,054  were  against  it. 
This  stopped  all  further  progress  towards  procuring  a  water  supply  by  public  works  for 
the  time. 

The  phm  hud  before  the  electors  was  as  follows:  On  the  island  streams  dams 
were  to  be  constructed,  and  the  water  brought  in  an  open  canal  and  conduit  to  the 
pump-well,  whence  it  was  to  be  raised  into  a  reservoir  on  the  hills  south  of  the  city, 
and  thence  distributed  by  iron  pipes  through  the  streets.  The  cost  for  a  present  supply, 
with  works  of  a  capacity  to  funiish  more  when  required,  was  estimated  at  four  millions 
of  dollars. 

In  1854,  a  new  Water  Committee  was  appointed,  composed  of  Messrs.  John  A. 
Dayton,  R.  C.  Brainard,  D.  I'.  Barnard,  F.  O.  Quevedo,  and  Samuel  Booth.  The 
chairman,  Mr.  Dayton,  had  been  actively  interested  in  procuring  the  bill  of  June  8, 
1853,  creating  the  Long  Island  Water  Company,  and  a  new  direction  was  thus  given 
to  the  investigations  of  the  Committee.  Gen.  Ward  B.  Burnett,  the  engineer  of  that 
Company,  was  employed,  and  made  a  report,  dated  March  13,  1854,  which  is  based  on 
his  previous  surveys,  and  on  the  data  procured  for  the  previous  Committees.  Assisted  by 
Mr.  Samuel  McElroy,  he  submitted  maps  plans  and  estimates,  which  were  published  in 
quarto  form  at  the  close  of  the  year  by  the  Water  Committee.  The  change  of  location 
of  the  conduit  and  canal  line  and  of  the  main  reservoir,  from  Mount  Prospect  to  the 
present  site,  is  the  principal  change  in  this  plan,  and  the  details  are  worked  out 
diflerently.  This  plan,  under  an  act  passed  April  7,  1854,  amending  the  act  of  1853 
in  some  particulars,  was  submitted  to  the  electors  on  the  1st  of  June  following. 

The  plan  proposed,  contemplated  a  svipply  obtained  from  all  the  streams,  as  far  east 
as  Parsonage  creek,  furnishing  twenty-thi-ee  millions  of  gallons  daily.  The  ponds  were 
to  have  dams,  and  the  surplus  water  they  furnished  was  to  be  carried  in  an  open  canal 
to  the  first  pond,  or  one  nearest  to  the  dty,  which  was  to  be  used  as  a  receiving  and 
settling  reservoir,  and  thence  by  closed  conduits  to  a  pump-well  near  Spring  creek, 
where  steam-engines,  capable  of  raising  twenty  millions  of  gallons  daily,  were  to  send 
it  to  the  main  reservoir,  capable  of  contiuning  at  least  two  hundred  millions  of  gallons, 
and  thence  to  he  sent  into  the  city  by  pipes.  The  conduit  and  canal  were  to  be 
constructed  with  a  capacity  of  forty  millions  in  case  of  future  extension  of  the  works, 
and  the  whole  was  estimated  to  cost  four  millions  and  a  half  of  doUai-s. 

At  the  election,  9,105  votes  were  cast,  of  which  6,402  were  unfavorable  to  it 
thus  again  defeating  the  attempt  to  furnish  the  city  with  water. 

The  well  system  was  again  advocated  about  this  time,  in  a  printed  pamphlet,  by 
Mr.  James  Wallers,  one  of  our  most  respectable  citizens,  and  who  had  been  one  of  the 
Water  Committee  of  1834. 
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The  eenson  having  proved  a  very  dry  one,  uo  rain  having  I'ulK'n  of  nny  eon»oq\u'nt.'e 
for  about  sis  weeks  up  to  the  Oth  of  September,  piupnfp*  were  nuulo  of  the  various 
streams  proposed  to  be  used,  and  it  was  found  that  the  long  thought  hu<i  not  alVccted 
their  flow,  thus  proving  their  capacity  as  a  source  of  supply. 

Nothing  further,  however,  was  done  thia  yonr  beyond  tlu*  publication  of  tlu» 
Committee's  report  in  full,  with  jdates  and  estimates,  as  above  mentioned. 

Til  May,  1854,  some  persons  iuiving  slill  a  preference  for  the  supply  from  well*, 
Mr.  Dayton  procured  from  the  late  John  S.  Stoddiird  -a  graduiitc  nf  Wi  st  I'nint,  and 
who  had  laid  (mt  the  streets  in  the  city  of  Hrooklyn  in  I  S-'i5  tei  I  H'M),  wnlvr  llio 
act  of  April  23,  1835 — a  report  on  this  subject.  In  it  lie  carefully  exmnines  the  capacity 
of  wells  sunk  for  this  especial  purpo-sse  to  some  dejitli  in  the  main  spritig.  mIiowb 
that  an  urea  of  20.10  square  miles  would  supply  one  millicni  ol'  ^'ullnns  only  per  dav, 
and  that  the  available  area  of  draiiuige  would  not  lie  sullifient  to  supply  the  requirod 
amount.  The  streams  draining  this  nuiin  spring  by  a  natural  process  are  therefore, 
as  he  states,  the  proper  source  of  a  supply.  This  report  seeuiH  io  have  finally  disposed 
of  the  well  system. 

On  the  16th  of  Maixh,  1854,  Messrs.  Henry  S.  Welles  A  Co.,  contractors,  made  a 
proposal  to  the  Water  Committee,  olTering  to  construct  the  works  according  to  the  plans 
lust  described,  iuclufUng  the  purclnise  of  all  tlie  ponds  iind  tlio  reservoir  site  on  Cyprcsa 
hills,  and  guaranteeing  a  daily  supply  of  twenty  millions  of  gallons,  with  works  capable  of 
carrying  double  that  ainoiuit  of  water,  lor  foin-  millions  one  hundred  and  Bovenly'fivo 
thousand  dollars.  Thia  proposal  included  four  ponds  imd  forty-eight  acres  for  the  rosorvoir, 
held  by  the  Long  Island  Water  Works  Company,  wbich  seeirietl  unwilling  to  pari  with 
this  property,  so  necessary  to  the  construction  of  the  works,  and  therefore  the  Water 
Committee  did  not  entertain  the  proposal  made  by  Welles  &  Co. 

Another  proposal  was  to  construct  water  works  on  a  plan  which  embraced  the  main 
featnrc.t  of  the  one  designed  by  Mr.  McAlpine,  but  the  canal  was  to  be  throughout  an 
open  one,  and  arranged  so  as  to  take  in  all  the  fresh  water  that  now  finds  its  way  to  the 
bays.  This  with  the  use  of  one  stream  only,  the  one  nearest  to  the  city,  aiul  now  called' 
Jamaica  reservoir,  with  pump-well,  steam  power  to  supply  five  millions  of  gallons  in 
twelve  hours,  and  eight  miles  of  mains,  was  to  cost  about  four  millions  of  dollam.  This 
was  presented  by  Messrs.  Josepli  IJattui,  .Silas  Ford  and  Ilenry  Ruggles,  and  was  ordered 
to  be  printed  October  2.  1854,  on  tlic  recommeridution  of  the  Special  Committee,  Mcssik. 
R.  C.  Brainard,  Peter  WyckofT,  and  11.  X.  Holt,  in  which  It  bud  been  referred.  Tho 
aj^yociation  proposed  to  obtain  a  charter,  with  the  necessary  powers,  and  to  tuke  three 
millions  of  the  stock,  upon  the  condition  that  the  city  should  Luke  one  million.  The 
Company  waa  to  be  managed  by  a  Board  of  Directors,  of  which  the  city  was  to  appoint 
one-fourth.  The  rates  charged  for  water  were  not  to  be  higher  than  those  charged  in 
1842,  iu  New  York,  and  the  water  was  to  be  supplied  to  the  (ire-plugs  without  charge  to 
the  city. 

This  proposal  was  not  favorably  considered,  but  the  associates  obtained  a  charter 
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in  1855,  by  an  act  paaaed  April  12th,  1855,  incorporating  the  Nassau  Water  Company, 
which  gave  it  ample  powers  to  construct  works  and  supply  the  city.  The  city  was 
authorized  to  subscribe  for  one  million  three  hundred  thousand  dollars  of  the  stock. 

The  Company  did  no  more  than  was  required  by  law  to  make  its  charter  effective ; 
that  is,  the  directors  named  in  the  act,  subscribed  each  for  a  few  shai'cs,  and  then  proposed 
to  the  authorities  that  the  city  should  subscribe  for  the  amount  it  was  empowered  to 
take. 

This  offer  was  made,  but  was  for  a  long  time  so  ill  received  by  the  Common  Council, 
that  it  was  not  until  September,  1855, -that  a  report  was  made  by  the  Water  Committee 
upon  the  subject. 

The  Water  Committee  of  1855,  Messrs.  Bcnj.  h\  AVardwell,  Geo.  L.  Bennet,  J.  V. 
Bergen,  E.  S.  Blauck,  and  C.  C.  Fowler,  found  matters  at  a  stand-stUl.  The  Hon.  George 
Hall,  elected  mayor  of  the  city  for  the  second  time,  refers,  in  his  address  of  January  1st, 
to  the  difficulty  of  devising  an  acceptable  plan  for  a  water  supply,  and  recommeuds  that 
an  entirely  independent  commission  should  be  created  to  carry  out  this  all-important 
work. 

The  city  had  obtained  a  new  charter  in  1854,  which  went  into  efi'ect  on  the  1st  of 
January  of  tliis  year.  It  incorporated  the  village  of  Williamsburgh  and  the  town  of 
Bushwick  as  part  of  the  city  of  Brooklyn,  thus  increasing  the  population  and  adding  to 
the  taxable  property.  With  this  additional  power  to  bear  a  public  burthen,  the  cost  of 
water-works  suitable  for  the  supply  of  a  population  of  about  two  hundred  thousand 
soids,  tiieu  included  in  the  extended  city,  would  be  Ughtly  felt.  The  debt  of  the 
consolidated  city  at  this  time  was  but  a  little  over  one  million  of  dollars,  with  assets 
enough  to  balance  it,  while  the  taxable  property  was  returned,  in  1854,  as  eighty-eight 
millions  nine  hundred  and  twenty-three  thousand  dollars.  To  these  figures,  taken 
from  the  above  addiess  of  his  Honor  tlie  Mayor,  the  following  may  be  added  as 
showing  what  the  state  of  the  city  was  at  this  time  : 


acres. 


Superficial  area  of  the  consolidated  city   16  000 

  Si  miles. 

Inland  bounds  ^^^^^ 

Greatest  lengtli  and  breadth   7-J  and  5  " 

Niuuber  of  buildings  (Brooklyn  only)  ■  19  576 

Churches,  

Public  schools  27,  with  317  teachers  and  30,500  scholars. 

Numbers  of  steam  ferries  connecting  with  New  York   13 

Horse  iiiilroads   0^  -1 

  30  miles. 

T^vo  gas  companies  with  pipes  laid   95 

Number  of  gas-lamps   c, 

Number  of  pubhc  cisterns   j^^y 

Number  of  wells  and  pumps  


I  N  T  R  0  oil  0  T  I  0  N  .  x^.;; 

Nino  banks,  four  savings  iuMtitutions,  and  eight  insuraneo  companitiH,  WiTf  in  tlio 
city.  Five  daily  and  two  wockly  papers  wore  publisljod  liero.  NumermiH  slnp-yiini»*, 
and  manufactories  of  all  kinds,  whieh  according  U)  the  ooukiih  of  1855,  luul  tiuiu'd 
out  twenty-two  millions  seven  hundred  and  three  tlumaand  two  Inunhvd  und  uinety- 
threo  dollars'  worth  of  products,  were  at  work,  and  the  prot^perity  of  tho  oily  woa 
increasing  ra  p  i  dly . 

These  figures  may  be  compared  with  its  state  only  ten  years  ufterwurdf*  to  prove 
its  rapid  growlh,  and  tlie  wisdom  of  at  once  inangm-ating  im  elfeetivo  water  supply. 
The  wells  were  becoming  tjiiutt;d,  and  liirgy  liros  could  nut  be  subdued  wilh  tho 
slender  supply  all'orded  by  tlie  public  eistorns. 

Under  the  name  of  "  Tho  Citizens'  Vigilance  Water  ('ommitt«o,"  some  gentlenion, 
in  1854,  had  met,  and  appointed  tho  lion.  John  Dikcman  as  clmirnnin  of  the  organization. 
Messrs.  A.  J.  Spooner,  Peter  Wyekolf,  lO.  Heors,  John  K.  Canimeyer,  C.  C.  Smith,  llarni-tt 
Jolmson,  llufus  11.  iielknup,  Daniel  Maujer  and  otliers,  appear  among  ita  momboi-s,  but 
the  questions  it  discussed  had  been  settled  ahoady.  There  was  no  donbt  m  to  the  proper 
source  of  a  supply,  the  only  obstacle  which  i)reveiited  tho  beginning  of  the  work  being 
how  to  got  rid  of  tho  Nassau  Water  Company's  elmrter  and  let  the  city  have  the  sole 
control  of  the  enterprise  j  Imi  tliis  the  Committee  did  not  conBidor  or  could  not  remove. 

As  above  stated,  the  memorial  of  the  Nassau  Water  Comany  wiw  reporleil  on  by  the 
Water  Committee  in  September,  1855,  and  this  time  favorably  ;  but  nothing  wni<  done 
until  November  15th,  when  tho  Common  Council,  at  a  special  mooting,  decided  to 
subscribe  for  one  million  of  the  capital  stock  of  the  Natsan  Wul^r  (.'oiupany,  but  not 
until  the  charter  of  the  Company  had  been  amended  so  as  to  give  tho  city  a  proper 
representation  in  the  Board  of  Directors,  nor  before  two  mitlioiiH  had  been  subscribed 
and  partly  paid  in  by  the  stock h(jlder8.  Should  the  (Company  oommenco  workit  within 
six  months  ntler  Its  organization,  it  was  aulhoriiied  to  lay  mains  and  distribute  water 
under  regulations  prepared  by  the  authorities  of  tho  city.  The  Mayor  upproveil  thw 
resolution  on  the  23d,  but  the  Company  did  not  procure  tho  required  aniendiiionUf  to 
its  charter  nor  fulfil  tho  conditions  asked  for  by  tho  city. 

In  his  annual  message,  at  the  opening  of  the  year  1856,  His  Honor  Oeo.  Hidl,  tho 
Mayor,  dwelt  at  some  length  upon  the  necessity  of  a  supply  of  water,  and  upon  the 
present  state  of  the  water  question  ;  but  nothing  could  be  done  by  the  Water  Cornmittoo 
for  this  year  as  long  as  the  charter  of  the  Nassau  Water  Company  was  in  force.  The 
Committee  consisted  of  Messrs.  Geo.  L.  Itenuett,  Ed.  T.  Lowber,  Oeo.  M.  Troutmaii, 
Rd.  R.  Huntley,  and  Jolm  V.  Bergen. 

However,  a  few  public-sj)irited  citizens,  having  made  themselves  tiioroughly  funtiliar 
with  tlio  question,  and  having,  by  consultation  with  engineers,  satisfied  themselves  that 
the  source  of  supply  recommended  by  the  previous  Water  Committees  was  the  only 
proper  one,  sent  to  the  Common  Council,  on  the  14th  of  April,  a  communication  asking 
for  a  conference  on  tho  subject.  This  led  to  tangible  reniilt^,  for  tlie  citizens  were  wearied 
with  the  technical  difficulties  and  the  uuuecessury  delays  which  luid  been  raised  or  caused 
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by  parties  looking  less  at  the  interests  of  the  public  than  at  the  opportunities  of  private 
gain,  which  the  disbui-sing  of  large  sums  might  throw  into  their  way.  The  Water 
Committee,  anxious  to  accommodate  the  public,  held  the  proposed  conference  with  the 
citizens,  among  whom  wo  name  the  following :  Messrs.  Fisher  Howe,  CoukUn  Brush, 
John  H.  Baker,  Abm.  B.  Baylis,  John  H.  Prentice,  Wm.  Wall,  G.  H.  Howlund, 
Roswell  Graves,  etc. 

The  report  agreed  upon  at  this  conference  was  submitted  to  the  Common  Council  on 
the  5th  of  May,  by  the  Committee.    After  briefly  rehearsing  the  case,  the  report  proceeds  : 

"  The  Committee  learned  that  a  plan  for  Water  Works  had  been  carefully  matured 
by  the  Nassau  Water  Company,  and  that  a  contract  upon  detailed  and  elaborate 
specifications  and  estimates  could  be  entered  into  with  H.  S.  Welles  &  Co.,  for  the 
construction  of  those  works,  at  a  cost  not  to  exceed  four  millions  two  hundred  thousand 
dollars,  and  if  certain  suggested  modifications  were  made,  at  a  cost  of  considerable  less 
than  four  millions  of  dollars. 

"At  that  sum,  the  contractors  were  ready  to  guarantee  a  minimum  supply  of 
ten  millions  of  gallons  per  day,  within  two  years,  and  an  additional  ten  millions  of 
gallons  per  day  within  one  year  thereafter — and  to  deliver  the  works  in  perfect 
ordei' — including  land,  water,  canal,  conduit,  reservoirs,  engines.  &c.,  &c.,  discharged 
of  idl  claims  for  land,  water,  and  other  damages,  and  all  cost  in  the  detail  of 
construction ;  in  short,  to  invest  the  Company  with  the  works  unencumbered,  and 
without  any  cost  or  charge  of  any  description  beyond  the  sum  stipulated. 

"  The  plan  and  the  proposed  contract  hud  been  carefully  scrutinized  by  the 
eminent  practical  talents  of  the  gentlemen  composing  the  Citizens'  Committee,  and 
their  opinion  was  unanimous,  that  the  plan  and  contract  were  highly  advantageous 
and  the  best  that  seemed  likely  ever  to  be  obtained. 

"  Yom-  Committee,  with  the  lights  fm-nished  by  the  elaborate  reports  heretofore 
made  by  engineers  and  committees  to  this  Common  Council,  and  the  additional  data 
in  possession  of  the  Nassau  Water  Company  and  citizens,  have  devoted  much  time 
and  labor  to  the  consideration  of  the  leading  points  involved,  and  particularly  to 

"  The  sources  of  supply  ; 

"  The  quantity  required  ; 

"The  best  mode  of  introducing  and  distvibutuig  the  Water; 
"  The  character  of  the  works  required,  both  as  to  material  and  style,  and  modes 
of  construction  j 

"The  cost  of  the  works; 

"  The  precautions  to  be  used  to  secure  works  of  the  description  contracted  for, 
and  against  an  increase  of  the  cost  beyond  the  stipulated  price  upon  any  contingency. 

"Your  Committee,  at\cr  a  thorough  scrutiny  of  the  specifications  submitted  by 
Welles  &  Co.,  placed  them  in  the  hands  of  A.  W.  Craven,  Esq.,  Chief  Engineer  of 
the  Croton  Aqueduct  Department  of  New  York  ;  his  opinion  is  annexed  as  part  of 
this  Report.     The  specifications  were  modified  iu  conformity  with  his  suggestions. 
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The  contract  proffcrod  In-  Welles  Sc  Co.,  was  also  placed  in  tlio  lunula  of  J.  M. 
Van  Cott,  Esq.,  and  hia  opinion  ia  annexed  ns  part  of  Huh  Iteport.  The  nuMlilieutionB 
suggested  by  him  were  also  adopted. 

"  Our  investigations  have  resulted  in  the  conviction  exprewetl  by  the  Cilizeim' 
Committee,  that  the  plan  and  contract  pro}io8ed  between  tlie  XaNsaii  Water  (Vmipany 
and  Welles  &  Co..  is  as  advantageons  to  the  public  lis  any  lluit  is  likrly  ut  be 
proposed,  and  more  advantageous  than  any  over  before  submitted  to  Ibc  Common 
Council  aud  citizens." 

The  necessary  steps  to  be  taken  are  then  indicated ; 

"The  Committee  recommend  that  the  Common  Council  ininiediately  subwiribe 
the  sum  of  one  million  three  bundled  t!K)nsftnd  dolbirw  to  the  stock  of  tlio  NasKnu 
Water  Company. 

"  It  may  be  asked,  What  security  will  the  city  have  that  ttieir  Hubscription  will 
be  faithfully  expended  aiul  applied  ? 

"In  answer,  we  reply:  The  Directors  of  the  Nassaii  Wati-r  ('ornpany,  witli  a 
commendable  public  spirit,  expressed  tlieir  willingness  to  retire  from  the  diroctiont 
and  to  have  their  places  filled  with  seven  citizens  of  known  character  aiul  probity, 
in  whose  hands,  as  directors  and  commissioners,  the  citizens  of  Brooklyn  would  bo 
willing  to  repose  so  great  a  trust;  ami  in  jiroof  of  tlieir  sincerity,  their  resignation 
has  been  nnide,  and  their  places  fdled  by  the  election  of  the  following  genllenien : 

JOHN  H.  PRENTICB,  JA,\1I«  CAItHON  ItHKVOOitT, 

WILLIAM  WALL,  NICIIOLAH  WYrKOFF, 

DANIEL  VAN  VOORinS,  THOMAS  SULLIVAN, 

NATHANIEL  UHUm, 

whose  names  had  previously  been  submitted  to  and  approved  by  the  Joint  Comnnttee," 
Here  it  may  be  well  to  say,  that  the  change  in  the  direction  was  made  [trincipally 
because  the  gentlemen  named  in  the  act  organizing  the  Company  declined  to  servo, 
and  partly  because  it  was  tacitly  agreed  that  the  new  Bourd  should  act  an  agttntit 
only  for  the  city  until  a  liiw  making  them  comniiMsioncrK  could  be  procurerl.  Hud 
the  Directors  chosen  to  do  so,  Ibey  could  liuve  issued  stock  for  the  bulunco  of 
the  capital  and  have  sold  it  in  open  market ;  but  it  was  understood  tliat  no  more 
stock  vfos  to  be  issued,  and  that  the  works  were  to  be  carried  on  under  the 
Nassau  Water  Company's  charter  in  trust  for  the  city.  This  Involved  the  asitumption 
of  a  contract  already  made  and  lett  tlic  new  Board  but  little  discretion  in  making 
any  changes  in  the  plans,  however  much  they  might  be  required. 

In  conclusion,  the  Committee  offer  the  following  resolutions  for  adoption  : 
"  Resolved,  That  the  resolution  adopted  by  the  Common  Council,   November  15, 
1855,  for  a  conditional  subscription  of  one  million  of  dollars  to  the  stock  of  the 
Nassau  Water  Company,  be,  aud  is  hereby  rescinded, 

"Resolved,  Tiiat  the  city  will  subscribe  the  sum  of  one  million  three  hundred 
thousaud  dollars  to  the  stock  of  the  Nassau  Water  Company,  and  that  the  Mayor 
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be  hereby  authorized  and  requested  to  sign  the  Company's  subscription  books,  to 
give  effect  to  mich  subsoription  when  the  amendments  to  the  specifications  and 
contract  between  Welles  &  Co.  and  the  said  Na..sau  Water  Company,  proposed  and 
approved  by  this  Common  Coimcil,  shajl  have  been  acceded  to  by  said  Welles  &  Co. 

"  Resolved,  That  the  Water  Committee  be  authorized  and  instructed  to  do  what 
is  necessary  to  secure  the  faithful  applicntion  of  the  moneys  subscribed  by  the  city 
to  the  stock  of  the  Nassau  Water  Company,  and  to  employ  such  professional  aid 
in  performing  that  duty,  as  may  be  deemed  necessary,  and  also  to  devise  the  form 
of  the  City  Bonds  to  be  issued  to  pay  said  subscrtpLion,  and  to  fix  the  rate  of  interest, 
and  the  times  when  principal  and  interest  shaU  be  payable— such  interest  not  to 
exceed  sis  per  centum,  payable  semi-annually." 

The  specifications,,  drawn  up  by  Mr.  McElroy,  then  are  given,  and  also  the  contract. 
The  opinion  of  Mr.  Alfred  W.  Craven,  for  many  years  the  Chief  Engineer  of 
the  Croton  Water  Works  in  the  city  of  New  York,  dated  April  22d,  is  added. 
He  makes  several  valuable  suggestions,  which  were  incorporated  in  the  specifications 
above  mentioned.  He  remarks,  very  properly :  "  It  may  be  further  assumed  that, 
in  this,  as  in  all  other  works  of  the  kind,  there  will  be,  during  its  progress, 
certain  features  which  may  require  revision  and  modification.  Provision  should  be 
made  for  such  changes,  for  it  will  always  turn  out  to  be  the  most  economical 
course  to  have  the  work  well  done  duriug  its  progress,  and  well  fitted  to  the  duties 
which  are  expected  of  it.  The  contract  can  easily  be  di-awn  to  embrace  the  contingency 
of  changes,  without,  in  my  opinion,  based  upon  what  is  before  me,  together  with  my 
understanding  of  your  arrangement  with  the  contractors,  the  prospect  of  any  change 
which  will  materially  increase  the  total  cost  of  the  work,  as  now  specified. 

"  Not  being  called  upon  to  examine,  or  report  upon  the  general  plan  of  the  work, 
1  have  tried  to  confine  myself  to  the  specification,  as  handed  to  me.  The  alterations 
here  sviggested.  can  be  made  without  sufticient  additional  expense  to  be  a  bar  to  their 
adoption,  if  they  be  approved. 

"  In  conclusion,  I  repeat  that  the  specifications,  handed  to  me,  are  so  far  well 
considered,  that  if  a  contract  be  drawn,  defining  by  words  and  plans,  what  is  now 
conveyed  in  the  spirit  of  the  specifications,  it  will  be  ample  in  its  provisions  and 
details,  and,  I  think,  fair  to  both  parties." 

Joshua  M.  Van  Cott,  Esq.,  as  counsel  to  the  Citizens'  Committee,  had  examined  the 
contract  carefully,  and  made  several  amendments  therein,  which  were  agreed  to  by 
the  contractors  before  its  execution. 

At  a  meeting  of  the  Common  Council,  held  on  the  4th  of  June,  the  specifications 
and  contract>  as  amended,  were  considered  and  adopted.  On  the  9th  of  the  same 
month  the  resolutions  were  approved  by  the  Mayor,  George  Hall,  and  on  the  17th  he 
subscribed  on  behalf  of  the  city  to  one  million  three  hundred  thousand  dollars  of  the 
Nassau  Water  Company's  stock,  at  the  office  of  the  Nassau  Insurance  Company,  in  the 
presence  of  a  number  of  citizens  interested  in  the  prosperity  of  the  city. 
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Thus  the  obstacles,  whioh  hu<J  so  long  delayed  tlio  active  ineeptiitn  of  this  iioeeMinry 
work,  were  finally  i-cnioved.  Perhaps  this  delay  was,  on  the  whidi'.  of  udvaulafp.'  to 
the  works  ns  Ihey  now  stand.  Sinee  1 84!>.  when  the  qiu'ntion  was  lirnt  seriously 
examined  into,  the  city  had  p-own  with  rapid  strides,  and  works  as  then  iiropohed 
would  have  been  totally  unfitted  to  supply  tin-  miantity  of  water  required  ntiw.  Time 
had  also  been  gained  to  nmture  the  details  most  carertdly.  ami  to  eaeh  of  the  Fiiigineors 
above  mentioned  belongs  a  part  of  the  perfoetion  which  the  Brooklyn  Water'  Works 
now  possess.  As  the}'  are  now  built,  addilioniil  supplies  cm  be  pnfwed  tbrounh  tluun 
without  any  further  expense  than  is  required  to  roaeh  the  streams  to  be  taken  in,  and 
to  add  lifting  power  to  that  already  in  action.  The  conduit  is  largo  enough  In  pasH 
over  forty  millions  of  gallons  daily,  and  the  engine-houses  of  sullieient  size  to  contain 
four  engines,  each  capable  of  raising  ten  millionH  in  sixteen  liours. 

The  Board  of  Directors  thus  appointed  met  on  the  20th  of  Mi^',  and  was  organized 
for  business  by  the  appointment  of  John  II.  Prentice  as  President,  aud  J,  farsori  Brevoort 
OS  Secretary.  On  the  lOtli  a(  .June  the  re.signattons  Samuel  MeKlroy  us  Cbii'f 
Engineer  aud  of  U.  0.  Murphy  as  Counsellor  to  the  hito  Board,  were  acccepled  niid  a 
committee  was  appointed  to  select  a  Chief  Engineer.  On  the  24th  this  committee 
recommended  Mr.  James  P.  Kirkwood,  a  civil  engineer  of  great  experience  in  his  profession, 
as  Chief  Engineer,  and  he  was  at  onco  appointed  lo  tliis  post.  Mr.  J.  M.  Van  CnU  was 
nominated  as  Counsellor  to  the  Board.  On  the  27th  letters  were  reail  wlii(rh  had  been 
received  from  these  gentlemen  accepting  these  uppf)intnients.  The  (!liii-f  Knginoer  was 
directed  to  commence  work  at  once,  by  organizing  a  slaif  of  assistants  inid  proceeding  to 
make  the  necessary  surveys.  The  Secretary  was  directed,  at  the  sumo  meeting,  to  notify 
the  Water  Committee  of  the  Common  Council,  that  the  Board  was  ready  Ui  cominenee 
work.  On  the  SOtli,  the  Chief  Engineer  and  Secretory  visited  the  lino  of  the  proposed 
works  for  the  first  time,  and  within  a  few  days  rooms  were  secured  for  flic  lu-.-omniodHlion 
of  the  engineers  and  the  Board. 

On  the  3d  of  .Iu!y  the  Water  Committee,  in  answer  to  the  communication  of  the  27th 
of  June,  recommended  that  the  contractors  be  notified  to  proceed  forthwith  to  i;/»ristrui:t 
the  works  imder  their  contract,  upon  entering  into  the  following  ogreenient,  viz. :  to 
receive  the  first  $600,000  accruing  upon  their  contract  in  the  six  per  cent.  Water  Bonds 
of  the  city  at  par,  and  the  remaining  $800,000  in  cosh,  or  in  bonds  at  par,  acw)rding  to 
the  election  of  the  Board,  in  further  payment  for  work.  This  agreement  was  duly 
executed  on  the  7th,  when  a  call  was  that  day  made  upon  the  city  for  a  payment  of  the 
sum  first  named,  the  bonds  to  remain  in  the  hands  of  the  Treasurer  of  the  city,  and  to 
be  issued  on  the  presentation  of  drafts  made  by  the  Board,  and  signed  by  its  President, 
Secretary,  and  Chairman  of  the  Finance  Committee.  The  contracUjrs,  at  the  same  time, 
were  notified,  according  to  Section  8  of  the  contract,  that  adequate  means  hwl  been 
provided  for  payment  of  work  performed  under  this  mntract. 

On  the  2l8t  the  Boar*l  resolved  to  fix  upon  Thursday  the  31st  of  July  for  an 
inaugural  celebration  of  the  work,  to  be  held  on  the  sit*  of  the  principal  or  Ridgewood 
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reservoir.  A  Committee  of  the  Board  was  appointed  to  make  the  arrangements  for  the 
occasion,  and  another  committee  to  procnre  speakers. 

The  weather  was  propitious,  and  the  celebration  was  held  at  the  time  and  place 
named.  A  large  concourse  of  citizens  and  strangers  had  gathered  togetlier  on  the  hill 
wliere  the  reservoir  now  is  placed  and  where  awning.s,  platforms,  and  refreslmients,  had 
been  provided,  all  tastefully  decorated  for  the  occasion.  His  Honor  Mayor  Hall  spoke 
first,  followed  by  (he  Rev.  Dr.  Geo.  W.  Belbuue  and  others. 

On  the  4th  of  August  tlie  first  monthly  estimate  was  received  by  the  Boai-d,  from 
the  Chief  Engineer,  being  for  the  cost  of  the  reservoir  site.  A  coramisaion  had  been 
aj)pointed  by  the  Supreme  Court,  on  the.  application  of  the  Board,  to  estimate  the  value  of 
all  lands  required  for  the  works,  and  of  damage  to  others  not  taken,  which  continued  to 
perform  this  duty  until  all  were  .satisfied. 

On  the  17th  of  Seiitember,  some  changes  in  the  construction  of  the  principal  reservoir, 
and  in  the  location  of  the  pump-well  and  line  of  conduit,  were  recommended  by  the 
Chief  Engineer,  and  were  accepted  by  the  contractors. 

On  the  13th  of  November,  Alfred  \V.  Craven,  Esq.,  Chief  Engineer  of  the  Croton 
Water  Works,  was  appointed  Consulting  Engineer  of  the  Brooklyn  Works. 

The  works  had  been  actively  progressing  during  the  rest  of  the  year  1856,  and  the 
gauging  of  the  streams  had  been  kept  up.  No  en^neering  difficulties  had  been  met  with, 
and  the  Board,  with  its  engineers,  had  been  doing  their  utmost  to  push  matters  actively 
on  in  the  interest  of  the  city. 

At  the  approach  of  the  legislative  session  of  1857,  a  law  had  been  prepared,  under 
the  authority  of  which  the  city  wjis  to  become  absolutely  vested  in  all  the  contracts, 
property,  and  rights  of  the  Nassau  Water  Company,  and  under  which  the  seven  Directors 
were  to  become  a  Board  of  Commissioners  to  construct  the  works.  All  the  acts  of  the 
ci^  relating  to  its  subscription  to  the  stock  of  the  Company,  etc.,  were  confirmed,  and 
the  further  issue  of  bonds  to  the  amount  of  $2,900,000  was  authorized.  A  sinking  fund 
of  $50,000  a  year  was  provided  for,  and  the  works  were  pledged  for  the  payment  of  the 
whole  debt  incurred  in  then-  con.struction. 

Tliis  law,  a  copy  of  which  is  annexed,  was  passed  February  11,  1857.  On  the  11th 
of  April,  1857,  the  nece.'^sary  consent  was  executed,  and  on  the  22d  of  Jime,  the  Common 
Coimcil  accepted  the  proposed  transfer  authorized  by  the  new  law.  On  the  2d  of  July 
the  transfer  of  the  twenty  shares  standing  in  the  name  of  the  Directors  of  the  Nassau 
Water  Company  was  signed,  and  the  Board  was  organized  as  a  "  Board  of  Wa^er 
Commissioners  of  the  QUy  of  Broo%n,"  on  the  9th.  The  same  officers  and  engineers 
were  chosen,  and  notice  of  the  action  Uiken  was,  on  the  13th,  directed  to  be  sent  to 
the  Mayor  and  Common  Council. 

On  the  21st  of  Mai-ch,  the  Chief  Engineer  submitted  a  report  on  the  subject  of 
adopting  a  brick  conduit  in  place  of  an  open  canal  east  of  Jamaica  pond,  but  the 
Board  concluded  to  proceed  with  the  construction  of  the  canal,  preferring  not  to 
alter  the  original  contract. 
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The  financial  crisis  of  1857  uftl-cti'd  tlio  contraeinrs  very  deviously,  for  they  could 
not  dispose  of  the  bonds  at  par,  and  meeting  witli  hoftvy  loss  on  this  Aucoiint,  llioy 
naked,  iu  July,  to  be  releasod  from  thoir  cngngoniont  tn  tnke  eight  huiidivd  tliousund 
dollars  of  City  lionds  in  addition  \ir  the  first  live  liuiidred  thousand  dollars  which 
had  been  paid  to  them  for  work  up  to  tliat  time.  Several  attempts  were  made  !«> 
negotiate  a  loan  on  the  bonds  for  the  eontraetors,  which  failed  ;  but  the  Hoard,  by 
the  issue  of  certificates  payable  at  short  diitos,  and  bearing  seven  per  cent,  intei-ost, 
succeeded  iu  procuring  sufficient  means  to  roHuvo  the  contractors  without  pivjudico 
to  the  agreement  made  with  them. 

Fearing  to  undertake  the  cutting  of  a  canal  through  a  continuous  stratum  of  sand, 
the  Chief  Engineer,  in  August,  again  urged  the  change  ho  luul  boforo  proposed,  an<l  the 
Board,  concurring  in  Ins  views,  sent  a  conununication  tn  tlio  Commnn  C4)utieil,  with 
estimates  of  the  additional  coat  of  such  cliange ;  but  no  attention  was  paiil  lo  il  In 
November,  the  Board  ordered  the  canal  to  bo  commenced.  It  was  f<tund,  as  piediel^d 
by  the  Chief  Engineer,  to  be  totally  incapable  of  conducting  tliu  wator,  and  its  solution 
was  altered  with  every  storm  of  wind,  in  April,  1858,  the  Couumm  Council,  having 
become  satisGed  that  it  could  not  bo  mode  efficient,  took  the  initiative  towards  tliu 
desired  change,  and  asked  for  information ;  winch  however  being  given,  no  Hirther 
action  was  taken  in  relation  to  the  inattor  for  over  a  year  longer. 

All  the  rest  of  the  work  was  being  octivcly  carried  to  uomplutjon.  The  pump-woll 
had  been  completed,  as  well  as  the  conduit,  for  five  miles  to  Uio  first  pond.  The  rising 
mains  were  in  position,  and  the  reservoir  in  condition  to  receive  water  before  the  autumn 
of  1858.  A  great  part  of  the  pipe  distribution  had  been  completod,  and  the  contractors, 
by  using  a  small  pumping-engine,  succeedod  in  raising  water  into  the  Itidgewooii  reservoir 
on  the  18th  of  N'ovembcr,  1858,  which  was  Thanksgiving-day.  Oti  tho  1th  of  Deeeinbor, 
the  water  was  let  into  the  mains,  and  vras  first  used  on  the  Kith  of  lJucember  for 
extinguishing  a  fire  corner  of  Myrtle  avenue  and  Scheiick  street. 

The  Common  Council  of  185U  seemed  tu  be  even  less  disposed  than  the  odo  of 
1858,  to  favor  the  completion  of  the  great  work  which  vtau  to  confer  so  many  benefits 
upon  the  city.  Soon  after  its  organization  in  January,  an  investigating  commitUie  was 
appointed,  which,  aflcr  exciting  much  public  discussion  and  causing  cousidcrahle  annoy- 
ance to  the  Chief  Engineer,  satisfied  tlie  public,  if  it  did  not  itself,  that  all  was  pro- 
ceeding well.  The  slight  subsidence  of  a  few  stones  forming  tho  lining  of  the  main 
reservoir,  caused  by  the  washing  out  of  tho  gravel  through  the  joinlit  of  tho  stones  by 
the  high  winds,  was  talked  of  by  the  investigating  committee  and  its  friends  as  if  the 
work  were  falling  to  pieces.  A  few  men  repaired  the  damage  in  less  than  a  week,  'i'his 
and  other  petty  and  futile  charges  were  all  dune  away  with,  and  the  credit  of  the  Board 
was  not  further  oasailed  this  year. 

In  anticipation  of  a  transfer  of  the  works,  when  completed,  to  a  Board  of  Permanent 
Water  Commissioners,  u  law  had  been  prepared,  which  was  passed  April  10,  18611. 
This  law  also  included  a  section  giving  to  the  Commissioners  power  to  expend  five 
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hundred  .thoiiaiuid  doUars  more  on  ihe  works.  This  was  necessary  in  order  to  extend 
the  pipe  distribution  and  perfect  the  open  canal. 

On  the  2l8t  of  AprU,  Daniel  Van  Toorhis,  Esq.,  who  had  for  nearly  three  years 
given  much  of  his  time  and  attention  to  the  work,  resigned  his  seat  in  the  Board,  and 
it  was  liUed  by  selecting  Conklin  Brush,  Esq.,  who,  as  Mayor  of  the  city  in  1852,  had 
advocated  the  building  of  water  works,  and  who  hud  always  shown  an  enlightened  zeal 
in  all  that  concerned  the  weU'are  of  the  city. 

On  the  28th  of  April,  of  the  same  year,  a  celebration  of  the  completion  of  the 
works  was  held  by  the  authorities. 

On  the  14th  of  May,  it  was  resolved  that  the  water  works  be  called  the  Nassau 
Water  Works  of  the  City  of  Brooklyn. 

On  the  2l8t  of  May,  the  Board  accepted  a  proposal  which  had  been  long  pending 
and  carefully  examined,  to  change  the  open  canal  east  of  Jamaica  pond  into  a  closed 
conduit  at  an  additional  expense  of  four  hundred  and  fifty  thousand  dollars,  less  the 
amount  requu-ed  to  complete  the  canal.  The  law  of  April  16th  authorized  the  city 
to  issue  bonds  for  tins  purpose,  but  the  eoniptroller  refused  for  some  time  to  do  so, 
until  requii-ed  to  issue  them  by  the  Supreme  Court  of  this  district. 

On  the  Ist  of  July  the  Board  appointed  Messrs.  WilUam  B.  Lewis  and  Daniel  L. 
Northup,  as  permanent  Water  Commissioners,  and  the  Mayor  and  Common  Council  shortly 
after  appointed  Messrs.  Gamaliel  King  and  John  H.  Funk,  thus  completing  the  new 
Board  according  to  the  provisions  of  the  law  of  AprU  16,  1859.  Until  this  time  the  Con- 
structing Board,  in  addition  to  its  other  labors,  had  in  charge  the  building  of  sewers  and 
the  disti'ibution  of  water,  duties  that  required  much  time  and  patience  to  fulfil. 

On  the  12th  of  July  tlie  transfer  of  their  duties  as  Sewer  Commissioners  was  made, 
and  the  Constructing  Board  had  only  to  give  its  attention  to  the  completion  and  admin- 
istration of  the  water  works. 

In  the  autimin,  much  vexatious  opposition  was  again  manifested  by  a  portion  of  tlie 
Common  Council,  which  undertook  to  refuse  paying  the  contractors  for  the  expense 
hitherto  incurred  in  pumping  the  water  into  the  reservoir.  The  matter  was  finally 
settled  to  the  satisfaction  of  the  chairman  of  the  Common  Council  Committee,  by  the 
contractors,  who  had  threatened,  unless  paid,  to  stop  pumping,  and  also  to  prevent  the 
Constructing  Board  from  taking  possession  of  the  engine-house  for  that  pm-pose.  Besides 
tins,  the  contractors  succeeded  in  obtaiumg  an  advance  of  $100,000  from  the  amount 
reserved  out  of  the  monthly  payments,  an  advance  wluch  would  not  have  been  granted  by 
the  Water  Boai-d. 

His  Honor  Mayor  PowoU  had  doue  all  that  lay  within  his  power  to  forward  the 
work,  luid  on  the  2d  of  November  addressed  the  Board  conceruing  the  state  of  the  works;  to 
which  a  reply  was  sent  in  the  same  day,  to  the  effect  that  the  works  were  so  far  completed 
as  to  be  able  to  fui-uisU  all  Uic  water  required  for  the  city,  and  also  expressing  a  wish 
to  transfer  them  to  the  Permanent  Board  as  soon  as  possible,  no  fui-ther  work  being 
required  beyond  the  completion  of  that  in  hand.     The  delays  which  had  taken  place. 
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bo  it  remarked,  were  jirincipaily  caused  liv  tin-  n'fusul  of  tho  t'lnniium  ('miiicil  t«  allow 
the  canal  tu  be  altered  iiilu  u  conduit,  and  by  t  in.-  oppoaitiou  slmwu  to  iho  regular  jiaynu'iit 
of  the  contractors,  matters  which  tho  Coiwtrueting  Boanl  could  not  coulrol. 

On  the  10th  itf  November,  the  transfer  of  tho  whole  of  the  works  in  use,  with 
reservation  of  the  right  of  aecesa  to  tho  same  for  their  eoniptetiou  under  tho  contract, 
was  made  by  the  Constructing  to  the  Pernumenl  Hoard. 

On  the  19th  ofJiuiuary  ISfiO,  the  first  of  tho  large  iiumjiing-engincs  was  certiticd 
complete,  having  been  most  carefully  tested  for  capacity  and  duty. 

On  the  2d  of  January,  1802,  a  certificate  was  sent  to  the  Couuuou  Covuicil  of  the 
completion  of  the  whole  work  excepting  Kidgewot)d  Kngino  No.  2,  and  the  engine-house 
and  engine  for  the  Mount  Prospect  Rcaorvoir.  The  second  largo  engine  wan  corliiied 
complete  after  Adl  testing,  on  tho  24th  of  February,  18(12.  On  the  2tith  of  May  tho 
Mount  Prospect  Engine  W(w  certified  complete,  alter  trial. 

After  this  date,  but  little  remained  to  be  done  by  tho  Constructing  Board,  beyond 
settling  with  the  contnictors.  In  .Inly,  the  (!hief  Knginoer  sent  in  a  communication 
respecting  a  second  pipe  main.  He  reconinieiided  that  a  forty-eight-ineli  pipe  be  laid,  in 
order  to  insm^e  a  full  head  in  the  city  with  tho  increasing  consumption  lA'  watop  ;  and 
estimated  the  cost  of  it  at  $180,010.  Al\er  careful  consideration,  tin-  Ut)iud,  on  tho  loth 
of  November,  sent  a  communication  to  tho  Common  Council  on  the  subject,  hut  no 
action  was  taken  to  authorize  the  work. 

The  works  had  been  virtually  transferred  to  tho  Permanent  Boanl ;  but  one  portion 
of  the  work  still  remained  under  tho  control  of  tho  other  Hoard — the  oxl4!iision  of 
distribut-'on.  The  law  of  1859  had  not  provided  for  the  transfer  of  this  work,  which, 
however,  was  really  performed  by  the  Engineers  of  tho  now  Hoard,  Ihongh  it  was 
necessary  to  have  the  diflcrent  extensions  authorized  by  the  olil  otn*.  All  llir;  j)owerM 
of  this  last  Board  were  transferred,  by  an  act  passed  May  11,  1806,  to  tin-  Pcrmuiiont 
Board. 

A  thorough  system  of  sewerage  and  drainage  being  a  neceMsary  adjunct,  of  a  full 
water  supply,  the  Board,  soon  after  it  had  begun  work,  matured  a  law  atitliorizing  it 
to  inaugurate  such  a  system.  This  subject  has  received  full  consideration  in  the  older 
European  cities,  but  hero  Uttle  experience  lias  been  gathered  of  any  vuhie.  However, 
a  hiw  was  procured  in  April,  1857,  empowering  the  Water  Comiuissioners  to  act  as 
a  Board  of  Sewer  Commissioners,  with  other  needed  provisions.  Julius  W.  Adams,  a 
civil  engineer  of  much  experience,  was  selected  to  lake  charge  of  this  work,  which  has 
been  steadily  progressing  since  then.  By  an  net,  passed  April  16,  1859,  additional 
provision  was  made  to  carry  out  the  plan,  and  also  for  its  transfer  to  the  Permanent 
Board  at  a  proper  time. 

Pipe  sewers,  that  is,  sewers  constructed  of  earthenware  pipes,  which  are  extensively 
used  in  England,  were  adopted,  and  are  in  successful  operation.  The  small  section  of  these 
pipes  causes  them  to  cleanse  themselves,  and  with  all  the  necessary  additions  of  street 
basins,  man-holes,  and  outlets,  considerable  skill  and  ingenuity  is  required  to  plan  and 
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project  a  good  system  of  sewerage.  Districts,  which  are  separated  by  a  water-shed,  are 
laid  out.  and  accurate  levels  having  been  t^iken,  a  sort  of  under-ground  river-baain  has 
to  be  contrived,  with  branches  and  mains,  and  with  a  capacity  sufficient  to  carry  ofi" 
the  rain-fall  nnd  house-drainage. 

So  much  space  has  been  devoted  in  this  work  to  the  description  of  the  Water 
Works,  that  but  little  can  bo  added  concerning  the  Sewerage  of  Brooklyn.  It  deserves 
careful  study  by  those  who  wish  to  inaugurate  such  a  public  work  elsewhere.  The 
Board  of  Water  Commissioners  has  every  reason  to  congratulate  itself  upon  the  choice 
of  the  Engineer,  who  planned  the  work,  and  had  charge  of  its  extension  for  several 
years. 

Mr.  Kirkwood,  the  Chief  Engineer,  closed  his  connection  with  the  Constructmg 
Board  on  the  2d  of  January,  1802,  on  which  occasion  the  accompanying  resolution  was 
adopted. 

This  paper  can  scarcely  be  considered  as  complete,  without  some  recognition  of 
Mr.  Kirkwood's  important  services  in  the  conduct  of  this  great  work  to  completion, 
further  than  that  aflbrded  by  the  tame  wording  of  an  official  resolution  ;  but,  with  the 
public  here  and  elsewhere,  wherever  he  is  known,  as  with  his  professional  brethren,  it 
would  be  wholly  supererogatory,  and  to  himself  distasteful,  from  the  highly  eulogistic 
terms  in  which  such  notice  must  necessarily  be  embodied. 

On  motion,  the  following  was  unanimously  adopted,  witli  the  request,-  that  an 
official  copy  of  the  same,  signed  by  the  President  and  Secretary  of  the  Board,  be 
forwarded  to  Mr.  Kirkwood  : 

'*  Unsolved,  That  tho  Board  of  "Water  Commissiouers,  in  accepting  Mr.  Kirkwood's  resignation 
of  this  dftto,  nnd  thus  closing  their  oflicial  relations,  are  desirous  of  expressing  their  gratification 
that  the  pleasant  intercourse  heretofore  subsisting  between  them,  has  not  been  brought  to  a  teruii. 
nation,  save  with  the  triumphant  sviccessof  this  work,  under  ciitnuustances  at  times,  of  great  peiplesity 
and  embiirrivssnient,  and  in  which  the  enterprise  of  its  fititbhil  hioads  and  advocates  has  at  no  time 
been  more  conspicuous,  tlmu  has  been  the  scientific  skill  and  persevering  industry  which  he  has 
brought  to  boor,  iu  conducting  it  to  &  successful  completion. 

"(Signed)  JOHN  H.  PRENTICE,  Presidmi. 

"Jaues  Cahson  Bhevoort,  Secreiary." 


UWS  OF  ST.\TE  OF  KBV  YORK,  IN  REFERENCE  TO  BROOKLYN  WATER  WORKS  AND  SEWERS. 


Act  incorporating  Naasaxi  Water  Company,  April  12,  1855. 

Act  of  FebiTiar)'  11,  1857. 

Act  of  April  15,  1857— Sewer  Law. 

Act  of  Apiil  IG,  1859. 

Act  of  April  10,  1859— to  amend  Sewer  Law. 
Act  of  May  11,  1865. 
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JAMES  P.  KI  HK  WOOD, 

CHIEF  BNaiNKKU, 


LllUUKLYN  WATER  WOUlvS. 


In  accordance  with  tlio  ilosirc  of  tlic  Ilourtl  of  Water  ComiiUM8ioiioi*H,  tliu  following 
(k'sci'iption  of  the  apecilic  works  of  the  iirooklyii  water  tiuhciiiu  hiw  buori  propiired. 

1  have  not  intended  to  Hinit  myself  to  mich  a  inuroly  guiienil  duHuriptiun  tui  would 
satisfy  the  inlmbitanti^  of  Brooklyn,  ahvady  more  or  1c8h  faniiliar  with  the  leadhig  fualuri'H 
of  the  works,  but  liavo  desired  to  make  it  iiilolli^iblc  iikewiso  t«  all  otliern,  who,  ft-om 
wliatcver  rctiaon,  may  be  interested  in  the  deliiiht  und  cliuractor  of  the  construclioiiH,  iw  well 
as  in  their  general  cost  and  results. 

Long  Island,  on  which  the  city  of  Brooklyn  is  situuted,  extends  from  lirooklyn,  which 
is  its  western  extremity,  E.  N.  E.,  one  hundred  und  loti  inilew,  with  a  varying  width  of  ft-oin 
ten  to  twenty  miles. 

Its  watershed  consists  of  an  irregular  ridge  of  low  hiltw,  running  from  the  bay  of 
New  York  to  the  eaatern  extremity  of  the  irtlimd  al  Montiiuk  l*oiut.  The  liigheMl  pointd 
vary  from  two  hundred  to  three  hundred  feet  in  height.  It  iu  umiidy  consliluled  of  coartie 
iiUuvial  earth  and  boulders,  running  Hometimes  into  blue  clay,  rarely  without  eliiy,  und 
sometimes  into  a  very  coarse  gravel.  The  number  of  snuill  pou'ls  on  the  riiJge  evideueu  the 
compactness  of  the  material  of  which  it  is  composed.  It«  boulders  present  specimens  of  a 
great  variety  of  rockn,  many  of  which  are  recognizable  as  siniihir  »o  the  known  rocks  of 
Connecticut  aud  of  the  PuliHiides  on  the  Hudson  river,  while  muny  others  nnist  have  been 
derived  and  transported  there  from  rocks  with  whoso  positi(»ns  we  are  not  al  present 
iicquainted.  The  slopes  find  spurs  of  this  ridge  or  walcrslied  run  into  Long  iHliind  sound 
on  the  north,  making  an  irregtdar  shore  there,  broken  into  convenient  bays  and  low 
headlands.  On  its  south  side,  towards  the  Atlantic,  its  slopes  lose  themselves  in  a  gravel 
plain  or  prairie,  which  last  slopes  gently  towards  the  coast.  This  prairie,  whose  widest 
part  is  called  the  Hempstead  Plains,  interposes  a  distance  of  from  five  to  fifteen  miles 
between  the  foot  of  the  hill-slopes  referred  to  and  the  Atlantic  shore,  which  is  very  rcguhir 
in  its  outer  beach  ;  but  an  inner  and  more  irregular  beach  exists,  formed  by  the  shallow 
waters  of  Jamaica  bay  and  Hempstead  bay  ;  in  other  words,  the  Atlantic  shore  does  not 
un^^vhere  touch  the  slopes  of  this  ridge,  hut  is  separated  from  it  by  the  wide  gravel  plain 
referred  to. 

It  is  from  this  plain  that  the  Brooklyn  wat';r  supply  is  derived.  The  ridge  aforesaid 
intervenes  between  this  plain  and  the  city  of  Brooklyn,  aud  has  therefore  to  liC  surmounted 
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o  reach  the  city.  The  point  of  crossing  this  ridge,  which  is  here  one  hundred  and  seventy 
feet  above  tide,  has  been  taken  advantage  of  to  form  a  large  reservoir  controlling  the  city  as 
regards  the  head  of  water,  and  where  a  liberal  reserve  of  water  can  be  kept  constantly 
available  to  meet  contingencies  and  repairs. 

Numeroua  small  brooks,  originating  on  the  south  slopes  of  the  nuiin  ridge,  cross  the 
gravel  plain  referred  to,  delivering  their  waters  into  the  Atlantic.  On  the  largest  of  these 
brooks  grist-mills  have  been  long  established  witli  corresponding  ponds  of  from  eight  to 
forty  acres  of  water-surface,  and  from  five  to  mne  feet  depth  of  water ;  the  fall  of  water 
available  at  their  dams  rarely  exceeds  eight  feet.  It  is  from  the  largest  of  these  brooks  that 
the  supply  of  water  for  the  city  is  derived.  Five  of  the  old  ponds  have  been  appropriated 
for  this  purpose,  cleaned  out,  and  converted  to  meet  the  new  application  of  their  waters, 
wiiile  a  sixth  pond  has  been  established  on  a  small  spring-brook,  upon  which  previously  no 
pond  existed. 

It  is  important  to  understand  the  relative  position  of  the  sources  of  supply,  because 
there  arc  but  few  instances  of  large  supplies  of  water  for  city  use  drawn  so  near  to  the 
spring-head,  so  to  say,  and  whicli  pass  through  so  short  a  distance  of  exposure  to  contami- 
nation of  any  kind  before  reaching  the  individuals  who  use  it ;  and,  it  may  be  added,  where 
any  vegetable  or  accidental  causes  of  contamination  are  more  within  the  control  and 
correction  of  the  water  authorities.  The  brooks  are  all  of  them  mainly  fed  by  springs 
delivering  directly  into  Iheu-  ponds  and  channels,  and  the  lengths  of  their  watercourses,  from 
where  the  water  is  taken  for  the  city,  to  the  summer  source  in  each  case,  will  rarely  reach 
four  miles.  I  will  recur  again  to  the  character  of  the  water,  and  to  the  drainage  area  of 
the  streams  in  present  use. 

It  becomes  me  to  mention  here  the  engineers  from  whose  explorations,  surveys,  and 
designs,  the  works  to  be  described  eventuated.    These  were — 

Major  D.  B.  Douglas   1835 

John  B.  Jervis   1851 

William  J.  MoAlimne   1852 

General  Ward  B.  Burnett   185-1 

Sasiuel  McEliioy   1855 

Through  their  united  labors,  the  water-basin  and  its  availabilities,  together  with  the 
governing  conditions  of  any  scheme  connected  with  it,  became  well  understood.  The  labor 
of  Mr.  McAlpine  very  thoroughly  sifted  the  subject,  though  his  plans  were  modified  by  the 
next  in  order,  Gen.  Ward  B.  Burnett.  The  specificaUons  and  limitations,  on  which  the  final 
contract  was  based,  were  prepared  by  Mr.  Samuel  McEh-oy,  founded  evidently  on  the  survey 
and  report  of  Gen.  Ward  B.  Burnett.  The  undersigned  was  engaged  after  this  contract  was 
closed  to  superintend  its  execution,  and  to  furnish  the  required  detail  drawings  and  working 
specifications  in  conformity  with  its  provisions.  Some  few  changes  were  made  as  the  work 
progressed,  with  the  Wew  of  simplifying  stiU  further  the  general  plan,  to  which  it  is  not 
necessary  now  to  do  more  than  allude. 
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The  (late  of  tlio  contract  is  3d  Miiy,  1850.  The  works  wore  connnonml  on  llio  Hldt  of 
July,  1856. 

The  water  was  let  into  tlio  city  on  tho  15th  Doc«ntbcr,  1858,  and  lum  sinoo  hwn  in 
uninterrupted  use. 

The  entire  works  of  the  contrnct  wore  not  complotod,  however,  nnd  made  iifcoptahlL'  to 
the  Water  Commissioners,  until  the  2Gth  May,  1802.    Tlieso  works  cuniprittcd : 

Ist.  The  six  supply  ponds. 

2d.  Tho  main  conduit  and  the  branch  conduits,  connootiiiK  those  ponds  with  tho  pump- 

wcll. 

3d.  The  pump-well  and  engine-house. 
4th.  The  two  pumping  engines. 

5th.  The  force  mains,  connecting  these  engines  with  the  Uidgewood  reservoir, 
fith.  The  Ridgewood  reservoir. 

7th.  The  pipe  mains  IVom  the  reservoir  to  tho  city,  and  tho  distribution  pipes  within 
the  city. 

8th.  The  pipe-yard  and  its  accommodations. 

9lh.  The  Prospect  Hill  engiuc-house  and  engine,  designed  to  supply  a  portion  of  tho 
city  situated  above  the  level  of  the  Ridgewood  reservoir. 

10th.  The  Prospect  Hill  reservoir,  situated  on  tho  highest  point  of  tho  ground 
referred  to. 

I  will  take  the  works  in  the  order  above  mentioned : 

TOE  SUPPLV  rONDS, 

The  relative  positions  of  the  six  supply  ponds  wilt  bo  best  understood  by  reference  to 
the  general  map.  Their  distances  from  tlic  pump-well,  measured  along  tbu  lino  of  conduit 
and  proper  branch,  are  as  follows : 
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Tlie  same  streams  were  gauged  by  Mr.  W.  J.  McAlpine  in  October  and  November. 
1851.  and  the  aggregate  result  then  was  23,500,000  gallons.  They  were  again  gauged  by 
Mr.  Whitlock  in  October,  1852  (Clear  Stream  excepted),  the  result  then  being  19,514,000 
gallons.  Add  to  this  our  measure  of  Clear  Stream  in  1857,  and  Mr.  Whitlock's  result  for 
the  same  sis  streams  becomes  20,298,750  gallons. 

1  have  added,  in  the  above  table,  the  areas  of  the  ponds,  their  summer  deliveries,  and 
their  ]ieights  above  tide.  By  the  summer  delivery  is  here  meant  the  natural  delivery  of  the 
stream  at  its  lowest  stage  of  water,  as  ascei  tained  by  careful  gauging,  made  during  the 
monllis  of  September  and  October  of  1856  and  1857— not  including,  of  course,  in  this 
measurement  any  encroachment  upon  tlif  reserve  of  water  Avhich  each  pond,  when  full, 
variously  retains. 

Another  stream,  Springfield  brook,  was  gauged  at  the  same  time.  It  gave  a  rate 
of  676,420  N.  Y.  gallons  at  its  lowest  stage,  but  is  not  included  in  the  above  table, 
because  it  has  not  been  applied  to  the  works,  the  contractors  having  intended,  and 
partially  made  provision,  to  obtain  more  than  its  equivalent  from  the  neighborhood  of 
the  pump-well. 

The  heights  above  tide  always  refer  to  mean  high  water  at  the  Brooklyn  navy-yard,  as 
conventionally  fixed  at  five  feet  below  the  coping  of  the  Brooklyn  dry  dock. 

The  surface  of  the  water  in  the  pump-well,  when  there  is  five  feet  depth  of  water  in  the 
conduit  at  its  connection  there,  is  six  feet  and  nine  inches  above  tide. 

I  will  confine  myself  to  a  description  of  the  Jamaica  pond,  the  work  on  the  others 
being  every  way  similar  in  character.  The  reader  will,  howevci',  find  the  drawings  given  as 
well  for  the  details  of  the  Hempstead  pond,  as  diflering  in  form  somewhat  from  tlie  others. 
The  plan  of  each  pond  owned  by  the  city  is  besides  given,  as  convenient  for  general 
reference. 

Jamaica  brook,  for  a  certain  portion  of  its  course,  flows  through  a  low  swamp,  wlierc 
Uiere  has  accumulated  a  considerable  depth  of  vegetable  matter,  the  growth  probably  of  a 
long  period  of  time.  Jamaica  pond,  which  is  supposed  to  be  the  oldest  artificial  pond  on 
the  island,  rests  upon  this  swamp,  and  its  effect  had  been  to  superadd  to  the  material  of 
the  swamp  a  considerable  deposit  of  fine  nmd,  the  gathering  of  some  eighty  years  or  more 
of  pondage,  derived  from  the  rain  freshets  of  the  stream  passing  over  a  peaty  channel, 
and  from  the  intermittent  action  of  a  mill  higher  up  the  brook. 

The  pond,  when  first  acquked  by  the  water  authorities,  was  overspread  by  the  pond- 
lily,  intermixed  with  the  stems  of  which,  imder  water,  there  was  found  a  long  slender  grass. 
Dm-ing  the  summer  months,  the  large  flat  leaves  of  the  lily  and  its  flowers  covered  the 
entire  surface-water  of  the  pond  with  the  exception  of  its  channel-way.  The  stems  of  these 
lilies  wei-e  frequently  sLx  and  eight  feet  in  length,  and  their  roots,  which  were  frequently  of 
three  inches  diameter,  penetrated  deeply  into  the  boggy  deposit  below.  The  grasses 
refciTed  to  were  equally  long,  extending  from  the  bottom  of  the  pond  to  the  surface. 
These  growths  are  characteristic  of  every  pond  on  the  Atlantic  side  of  Long  Island  with 
winch  I  am  acquainted,  the  tidal  ponds  excepted. 
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The  tiiste  of  the  water  in  Jiuiiaieu  poml  s\m  iit  times  8eu»ilily  alViTtoil  by  this  iim»w  of 
flouting  vegetation,  and  ftt  certuiii  periods  of  tlie  yeiir  it«  wiiter  wiw  faiiilly  eolored  ftoiu 
the  siimc  cause.    Its  imturul  water  is  rioar  and  colorless. 

Having  drawn  oil"  the  waters  of  the  pond,  tho  work  of  itw  piirilleatiuu  tVom  tlie  lioggy 
material  aforesaid  was  then  commenced  \>y  the  removal  of  tlie  old  dain  iiiitl  inill-workH,  and 
simultaneously,  the  removal  of  all  vegetable  mutter  within  tho  entire  lUiwugr  uf  the  pond 
and  its  dam.  This  material,  wliicii,  when  dry,  resenihled  a  liglit  Uioso  peat,  was  eurteil 
outside  of  the  lands  belonging  to  the  works,  and  some  of  it  spread  over  the  neighboring 
fields  with  the  view  of  testing  its  manuring  quuhties.  The  depth  of  this  sinfl'  vurieil  tVnni  six 
to  eight  feet  at  the  centre,  running  out  to  nothing  on  the  uphmds  forming  the  bcn-ders  of  tho 
pond.  Tlie  work  of  removal  was  troublesome  and  wet,  tho  nuiteriul  being  soil  when  nearly 
saturated  with  water,  as  much  of  it  was,  notwttlistnnding  an  abundance  of  crotut-ditching, 
draining  it  as  much  as  practicable.  Carta  were  used,  and  plnnk-roadu  hiid  for  them  (tver  Iho 
slippery  stnfT ;  the  positions  of  tho  plunk-ways  being  changed  contimndly  as  the  process  of 
removal  advanced.  The  bottom,  when  tluin  laid  bare,  proved  to  ho  fine  sand  and  gravel 
of  the  same  cburacter  with  the  material  of  the  surrounding  plains. 

The  bog  and  sand  removed  from  this  pond  miiusured  28'l,7r>()  cubic  yards. 

It  was  in  this  pond  that  the  rcuuiins  of  n  mastodon  were  found  ombohled  in  the  bog. 
Such  of  tlie  bones  as  were  visible  crumbled  to  pieces  soon  alter  exposure,  except  the  teeth, 
some  of  which  were  very  perfect.  Five  of  those  were  known  to  \w  I'oinid,  and  probably 
others  were  secreted  by  the  workmen.  Two  of  them  may  bo  soon  in  tho  museum  of  the 
Packer  Collegiate  Institute  of  Brooklyn,  and  one  in  tlio  rooms  of  tho  Long  Island  llist^trical 
Society. 

The  old  mill-dam  having  been  entirely  removed,  the  formation  of  tho  new  dam  w.w 
proceeded  with.  This,  with  the  exception  of  tho  miwonry  of  the  overflow,  wus  compoiwd 
of  earth  with  a  puddle-wall  in  the  centre.  Tho  cross  section  (philc  2)  will  explain  the 
dimensions  of  tho  dam  and  of  its  puddlc-wall. 

The  material  for  the  puddle-wall  consisted  of  a  mixture  of  fine  gravel  and  eluy.  A 
coarse  earthy  gravel  would  have  been  better,  but  it  was  not  to  be  found  in  that  neighborhood. 
This  compost  was  well  mixed  and  prepared  before  being  placed  in  tho  puddlc-trunch. 
When  so  prepared  it  was  laid  there  in  "horizontal  layers  of  fVom  six  to  eight  inches 
in  thickness."  Each  layer  was  well  worked  by  spades,  and,  at  the  same  time,  tramped  by 
the  feet  of  the  workmen  ;  sulTicient  water  being  used  to  form  the  whole  into  a  homogeneoiiit 
water-tight  mass.  Each  layer  was  allowed  a  certain  time  to  set,  without  being  allowed  to 
dry,  before  receiving  the  next  layer. 

The  amount  of  clay  used  to  form  a  proper  puddle  will  always  be  a  matter  of  oxpori- 
ment  and  judgment,  depending  on  the  qualities  of  tlic  earth  with  which  it  is  mixed.  In  this 
case  the  earth  was  a  fine  gravel,  having  no  binding  properties.  The  more  ordinary  earths 
arc  already  combined  with  a  certain  portion  of  clay,  and  require,  therefore,  a  proportionally 
smaller  quantity  of  pure  clay  to  fit  them  for  good  puddling  material. 

The  earthwork  on  cither  side  of  the  puddle  wall  was  carried  up  simultaneously.  This 
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was  composed  of  gand  and  fine  gruvel,  the  only  materials  which  the  place  afforded.  It  was 
deposited,  from  carts,  in  "  horizontjil  layers  of  about  nine  inches  in  thickness"  each.  A 
heavy  iron  roller  was  repeatedly  drawn  by  an  ox-ttiam  over  each  layer,  to  compress  it  as  much 
as  possible,  before  the  application  of  the  next  layer.  These  banks  were  carried  up  to  a 
height  of  four  feet  above  the  surface  water  of  the  pond  when  full ;  the  puddle-wall  was  run 
up  to  three  feet  above  the  same  surface.  On  all  the  eai  thworks  thus  formed,  the  after 
settlement  was  very  trilling,  and  in  many  eases  unobservable. 

These  dams  were  at  first  finished  with  earthen  slopes  on  each  side,  as  required  by  the 
contract.  A  paving  of  stone  was  afterwards  added  on  the  water  side,  to  defend  the  bank 
from  the  wash  of  the  pond.  The  paving  was  nine  inches  thick,  laid  upon  thi-ee  inches  of 
small  stones,  the  interstices  in  the  paving  filled  in  afterwards  with  as  coarse  gravel  as  could 
bo  procured  in  that  neighborhood. 

Tlie  laud  slope  and  the  top  surface  of  the  bank  were  covered  with  four  inches  of  soil 
and  muck,  and  then  well  seeded  with  grass-seed.  The  soil,  however,  of  this  part  of  the 
island  is  very  poor,  and  the  muck,  when  dry,  very  light,  and  liable  to  be  blown  ofi'  in  heavy 
winds.  It  will,  therefore,  require  some  years  of  patient  attention  on  the  part  of  those  in 
charge,  and  some  fui-ther  expenditure  annually,  to  secure  a  tolerable  sod  on  any  of  the 
slopes  of  the  earthworks  situated  on  this  plain. 

The  reader  is  referred  to  the  plan  of  the  masonwork  of  the  pond  (plate  13),  for  the 
dimensions  of  the  overfall  and  sluiceway.  The  width  of  the  overfall  is  twenty-one  feet ;  of 
the  sluiceway,  five  feet.  This  sluiceway  delivers  into  a  circular  brick  conduit,  of  forty-two 
inches  interior  diameter. 

The  material  of  the  foundation  is  sand.  A  small  stcara-engine,  working  a  rotary 
pump,  was  used  to  clear  the  foundatioa  of  water.  A  timber  platform — as  will  be  seen 
on  the  plan,  plate  13 — was  prepared  to  receive  the  foundation  course  of  the  masonry.  This 
platform  extended,  as  well,  across  the  position  of  the  apron  between  the  lower  wing  walls. 
On  the  upper  side  of  this  platform,  touching  it,  and  extending  for  a  short  distance  into  the 
bank  at  cither  end  of  the  masonry,  a  row  of  sheet  pihng  was  driven,  to  be  sunk  not  less 
than  twelve  feet  ("twelve  feet  or  more"),  according  to  the  specifications.  On  the  lower 
side  of  the  platform,  across  the  lower  end  of  the  work,  the  same  arrangement  of  sheet  piling 
was  made.  This  sheet  piling  was  intended  to  secure  the  masonwork  against  undermining, 
and  at  the  other  pond  dams  it  has  thus  far  answered  the  purpose  intended.  At  this  dam 
however— I  state  it  more  particularly  for  the  benefit  of  the  professional  reader— it  failed  to 
do  so.  About  two  years  after  the  dam  and  pond  had  been  in  use  (m  July,  1861),  it  was 
undermined,  the  water  escaping  under  the  masonry  of  the  overfall,  rendering  the  pond 
useless  for  the  time  being,  and  damaging  the  masonry  seriously. 

During  the  removal  of  the  damaged  masonwork  and  its  foundations,  preparatory  to 
tlio  reconstruction  of  the  overfaU,  the  assist^iut  in  charge  was  requested  to  measure  the 
lengths  of  the  sheet  piles  taken  out,  and  to  lay  them  aside  for  examination.  There  were 
several  pieces  found,  in  the  upper  row  of  sheet  piUng,  of  but  three  feet  in  length.  0 
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of  these  had  been  carried  down  stroarn,  tlio  wutor  hiiving  broken  throunh  where  thiH 
shallow  sheeting  occurred.  The  otlior  pieces  of  shoot  piling  wei-o  IVoni  four  to  sovon  foot  in 
length,  many  of  them  but  four  feet  The  safety  of  the  work  depended  on  the  wheel  piling 
being  driven  to  the  proper  depth,  and  the  ciuiso  of  ita  fuilura  was  abundantly  ovidont.  The 
unfaithfulness  of  the  sub-contractor  in  suoh  a  Hinnll  matter,  and  ccpniUy  bo  of  those  to  whom 
had  been  confided  the  immediate  inspection  luid  suporintondonco  uf  thu  work,  brought  about 
this  result. 

There  had  been  severe  rains  through  the  two  previous  days,  during  which  the  dau\  of* 
the  pond  above  had  given  way  ;  the  volume  of  water  thus  lot  loose  was. felt  at  danntica 
pond,  and  produced  an  imusual  depth  of  flow  over  the  stone  dam,  but  its  slronglh  was  more 
than  sufficient  to  meet  any  contingency  of  this  kind,  had  its  fouudatioim  boon  properly 
attended  to. 

I  resume  the  description  of  the  moaonwork  at  Jamaica  pond : 

The  timber  platform  having  been  duly  prepared,  a  heavy  oourso  of  granite  was  laid 
thereon.  The  work  was  then  carried  up  in  courses  of  the  same  stone,  cut  to  moot  tiio 
conditions  of  the  plan.  The  coping  stones  of  the  overfall  were  heavy,  and  all  of  tlio  Ihll 
width.   The  wliole  was  laid  in  hydraidic  cement  mortar. 

Two  square  openings  (2ft.  x  2ft.)  were  left  in  the  overfall  masonry,  as  shown  in  thu 
plan — in  addition  to  the  opening  through  the  wing  walla  for  the  waste  sluice — to  allow  free 
passage  to  the  waters  of  the  brook  during  the  construction  of  the  miuionwork  and  ila 
connection  with  the  earthen  part  of  the  dam  ;  these  openings  wore  aftorwards  closed. 

The  buttresses  on  the  inside  of  the  east  wing  were  built  to  break  the  masonry  linos 
there,  and  thereby  render  the  dam  more  secure  against  leakage  along  the  back  of  the  wing. 
The  puddle-wall  was  enlarged  as  it  approached  the  masonry,  and  made  to  cover  the  wliolo 
space  between  the  buttresses. 

The  paving  of  the  apron  was  laid  in  courses  with  cement  mortar.  The  surfaeo  of  the 
paving  was  placed  two  feet  below  the  summer  water-surface  of  the  brook.  At  the  lower 
end  of  the  apron  a  mass  of  rubble-stone  was  thrown  in  to  defend  the  slieet  pihng  IVoni  the 
eddies  of  the  stream. 

The  stone  used  was  a  good  quality  of  granite,  obtained  from  Oonnccticut.  There  is 
no  stone  found  on  Long  Island  suitable  for  this  sort  of  work. 

The  mortar  was  made  from  fresh  burnt  hydraulic  cement  (Uosendalc)  and  clean  sharp 
sand,  in  the  proportion  of  one  of  cement  to  two  of  sand,  mixed  dry  and  thoti  worked  up 
with  water.    The  cement  was  tested  before  being  used. 

The  upper  face  of  the  overfall,  towards  the  pond,  was  covered  with  cartli,  Tlic 
reader  is  referred  to  the  drawings  (plate  13)  for  the  form  and  dimeimions  of  the  wast«way 
sluice  and  of  the  conduit  sluice.  A  screen  of  copper  wire  cloth  wa>t  fitted  into  the  masonry 
in  front  of  the  conduit  sluice  to  prevent  leaves  and  fuh  from  entering  the  conduit.  A 
coarser  screen  was  found  necessary  afterwards  in  front  of  the  waste  sluiceway,  a  very  small 
obstruction  having  sometimes  prevented  it«  closmg  tightly. 
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With  the  view  of  avoiding  the  shaUow  water  which  usually  prevails  around  the 
borders  of  such  ponds,  the  contract  directed  the  formation  of  an  embankment  aU  round 
the  ponds.  This  bank  was  buUt  eight  feet  wide  at  top,  the  top  being  placed  three  feet 
above  high  water  of  the  pond,  with  slopes  of  one  and  a  half  to  one  on  each  side.  The 
bottom  of  the  water-slope  was  required  to  terminate  in  two  feet  of  water. 

A  foot-bridge  was  constructed  at  the  upper  end  of  the  pond  where  the  Ime  of  this 
shore-bank  crosses  Jamaica  creek.  To  pass  the  small  brook  which  flows  into  this  pond 
from  the  east,  a  culvert  was  constructed.  The  forma  and  dimensions  of  these  .passages 
will  be  seen  in  .the  drawings  (plate  18). 

Over  the  conduit  sluiceway  of  each  pond,  a  small  brick  house  is  built  to  protect 
the  working  gear  of  the  sluice-gate.    (See  plate  19.) 

I  will  here  give  the  amounts  of  muck  or  bog  removed  from  each  pond,  with  the 
capacities  of  water-way,  etc. : 
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I  will  here  state,  once  for  all,  that  we  have  no  means  of  giving  correctly  the  prices 
for  which  the  several  pieces  of  work  were  executed  by  the  sub-contractors.  These  prices 
were  not  known  to  the  superintending  Engineer  except  occasionally  or  accidentally.  The 
lump  price  of  $4,200,000,  covered  the  entire  works  of  the  origmal  contract,  and  was 
the  only  price  known  to  him  officially  dui-mg  the  progress  of  the  work.  A  schedule  of 
conventional  prices  dependent  on  this,  was  necessarily  assumed,  to  admit  of  the  required 
monthly  estimates  being  made,  but  as  these  conventional  prices,  mcluded  the  profits  of  the 
original  conU-actors,  they  must  have  exceeded  the  prices  of  the  sub-conti-actors,  to  which, 
besides,  they  could  have  no  fixed  relation.  This  system  is  open  to  considerable  risk  and 
difficulty,  but  m  our  case  it  was  cai-ried  thi-ough  without  at  any  time  overpaying  the 
contractoi-s,  and  the  required  reserve  was  always  at  the  command  of  the  Commissioners 
in  charge. 

THE  CONDUIT. 

The  conta-act  with  H.  S.  WeUes  &  Co.  required  the  construction  of  a  covered  conduit 
from  the  pump-weU  to  Jamaica  pond  only.  Beyond  Jamaica  pond  an  open  canal  waa 
specM  to  be  constnicted  connected  by  smaUer  branch  canals  with  the  several  supply 
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ponds.  Piiring  the  progress  of  the  works  authority  was  procured  to  dUponno  with  tlio 
open  cnniil,  and  instead  thereof,  to  build  a  covered  conduit,  no  thut  now  tho  water 
from  every  supply-pond  is  conveyed  to  tho  pump-well  hy  covoivd  piiiwnpefi. 

The  contract  required  that  Jamaica  pond  should  not  be  ruihcd,  thut  the  conduit 
should  be  competent  to  tho  delivery  of  forty  million  gallouH  of  water  (alUtough  a  supply 
of  but  twenty  millions  was  to  bo  provided  now),  and  that  the  fall  (Vom  Janinica  pond 
to  tlic  pump-well  shoidd  bo  at  the  rate  of  six  inclies  to  tho  mile. 

These  conditions  determined  the  position  of  the  bottom  of  the  conduit,  by  wliioh  I 
mean  tho  surface  of  its  brick  invert,  and  in  effect  re(|uired  timt  with  live  fool  water 
in  the  main  conduit  nt  the  point  whore  tlio  Jamaica  pond  branch  connected  with  it,  tho 
water  derivable  from  Jamaica  brook  sliouUl  bo  able  lo  (low  ft-eoly  into  it.  In  accordance 
with  tiiis  requirement,  the  bottom  of  tho  main  conduit  at  tho  point  referred  to  is  five 
feet  and  fom*  inches  below  tho  surface-water  of  Jamaica  pond  (or  Uio  crest  of  its 
overfall),  equal  to  2.57  feet  above  tide.  The  position  of  Tlempfltoad  pond  detonninod 
the  fall  of  the  upper  or  new  reach  of  tho  conduit.  The  fall  or  inclination  <>i'  the 
bottom  of  this  portion  is  one  in  ton  thousand,  or  sue  and  one  third  inches  to  the  mile, 
This  foil  and  the  requirement  that  the  conduit  should  bo  capable  of  delivering  forty 
millions  of  gallons  at  the  pump-well,  determined  the  widtlw  on  this  upper  reach  of  tho 
main  conduit,  which,  beginning  at  Hempstead  pond  with  a  capacity  of  flow  equal  lo 
say  28,500,000  (i.  e.,  the  delivery  proper  to  Ilempstcad  pond,  8,239,947  gallouH,  plus 
20,000,000  gallons  not  as  yet  collected),  increased  in  sbso  and  capocity  with  tho  waters 
received  from  each  pond,  until  opposite  to  Jamaica  pond,  it  became  of  him  sufficioni 
to  pass  forty  million  New  York  gallons,  as  already  mentioned. 

The  width  of  this  conduit  at  Hempstead  pond  is  eight  foot  two  inches ;  at  tho 
junction  of  Uockville  branch,  eight  feet  eight  inches ;  at  tho  junction  of  Volley  stream 
branch,  nine  feet  two  inches;  at  the  junction  of  Clear  stream  branch  nino  feet  four 
inches ;  at  the  junction  of  the  Brookfield  brunch,  nine  feet  eight  inches ;  and  at  tho 
junction  of  the  Jamaica  pond  branch,  ten  feot> 

On  the  lower  reach  of  tho  conduit,  where  it  is  ten  feet  wide,  it«  capacity  of 
dehvery,  with  five  feet  depth  of  water,  is  equal  to  a  rate  of  47,000,000  Now  York 
gallons  in  twenty-four  hours ;  with  two  feet  eight  inches  of  water,  it  is  equal  to 
20,000,000  New  York  gallons  in  twenty-four  hours. 

The  reader  is  referred  to  the  accompanying  cross  Bcctions  (plato  23),  for  tho 
dimensions. 

The  foundations  for  the  whole  length  of  tho  conduit  were  situated  Iwlow  the  wotxjr 
lines  of  the  countiy.  The  head  of  water  to  bo  contended  against  varied  from  two  to 
four  feet,  except  at  the  lower  end,  in  the  heavy  excavation  next  tho  pump-wcH,  where 
it  amounted  to  from  seven  to  nine  feet.  At  this  place  the  water  was  kept  down  by 
rotary  pumps,  worked  by  steam  power,  and  kept  in  action  during  the  night  a«  well  as 
during  the  day.     On  the  other  sections  hand-pumps  or  machine  pumps  wore  used 
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according  to  circumstances,  and  in  a  few  cases  the  water  was  kept  down  by  deep  ditching 
toward  the  bays. 

The  presence  of  so  much  water  rendered  unusual  care  and  watchfulness  necessary 
the  laying  of  the  foundations.  Luckily,  we  had  secured  very  competent  and  reliable 
for  inspectors,  men,  who  with  one  or  two  exceptions,  were  thorough  workmen,  and 
who  rightly  appreciated  the  responsibility  of  their  positions.  To  their  faithfulness  I  feel 
tliat  we  are  mainly  indebted  for  the  excellent  condition  of  the  conduit  as  it  now  stands. 
The  duties  of  the  Assistant  Engineers  did  not  admit  of  then-  watching  the  works,  except 
incidentally,  and  1  do  not  deU-act  from  theii-  merits  m  expressing  my  indebtedness  to  the 
othora. 

The  sub-contracta  averaged  each  about  a  mile  in  length  ;  there  was  an  Inspector 
attached  to  evei-y  piece  of  work  in  progress. 

The  lower  reach  of  the  conduit  bad  been  constructed  some  time  before  the  upper 
reach  was  begun.    It  will  be  convenient  to  refer  to  it  fii'St. 

Tliis  reach  extends  from  the  pump- well  to  the  west  side  of  the  Jamaica  creek  valley, 
4.848  miles. 

At  this  last  point  a  small  terminal  basm  was  formed,  arranged  to  connect  with  the 
canal  there,  and  to  connect  with  the  Jamaica  pond  branch  conduit.  This  basm  1ms  since 
been  modified  to  meet  the  construction  of  the  upper  conduit,  and  covered  in. 

The  lower  reach  of  the  conduit  is  of  uniform  size  throughout.  The  mdth  is  ten 
feet  at  the  springing  of  the  arch,  the  side-walls  three  feet  in  height,  the  versed  sine  of 
tho  invert  eight  inches,  and  the  height  of  the  conduit  at  the  centre  eight  feet  eight 
inches.  The  side  walls  are  of  stone  except  an  interior  lining  of  fom-  inches  of  brickwork  ; 
the  arch  is  of  brick,  twelve  inches  thick,  and  the  invert  of  brick  four  inches  thick,  and  on 
one  section  eight  inches. 

The  stone  used  was  a  good  quality  of  gneiss  obtained  mostly  from  Greenwich, 
Connecticut,  and  of  suflicieut  size  to  make  good  bond.  Some  stones  obtained  from  the 
trap  boulders  of  the  island  were  used  in  the  beginning  of  the  work,  but  they  made 
inferior  work  and  were  speedUy  discarded.  At  the  manholes  of  the  conduit  (plate  20) 
cut  granite  was  used,  and  the  same  at  the  waste  wens  and  sluices.  The  bricks  used 
in  the  conduit  were  all  hard-bm-nt  brick,  which  had  previously  been  examined  and 
culled  of  all  pale,  soft,  or  defective  bricks.  The  arch,  as  it  was  finished,  was  plastered 
over  on  the  outside  with  a  thick  coat  of  cement-mortar,  and  also  the  outside  of  each 
side-wall. 

In  the  preparation  of  the  foundations  the  contract  specifications  requu-ed  a  bed  of 
concrete  to  be  first  laid  fifteen  feet  wide  "  where  the  natural  giound  is  sufficiently 
compact  for  the  same,"  and  on  some  short  portions  of  the  line  where  the  water  could 
be  well  drained  and  kept  off,  this  course  was  followed  ;  but  where  the  water  was  more 
troublesome  and  not  easily  kept  down,  it  was  found  necessary  first  to  lay  a  platform 
of  plank  for  the  concrete,  on  which  it  could  be  laid  and  properly  packed  and  set, 
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without  incurring  tho  risk  of  unequal  suttlemont  to  which  it  was  liable  in  ll»o  \v«t 
sand,  rendering  its  removal  in  Unit  case,  and  tho  reiietition  of  tho  prowiw,  nocoHOiiry. 
This  phxnk  prei)aratiou  varied  in  strength  in  dillereut  places,  according  to  the  exigi'iicieii 
of  the  case.  It  was  found  u  valuable  aid  towards  tlio  rapid  progrens  of  tho  work  lui 
well  as  toward  the  perfection  and  security  of  tho  foundations.  On  tho  section  of  tiio 
work  near  the  pump-well  where  tho  greatest  amount  of  water  prevailed  it  was  laid  a» 
shown  in  plate  23.  Tho  contract  thickness  of  tho  briok  invert  wu.h  four  inohett,  but  on  tJio 
greater  part  of  this  section  it  was  laid  eight  inches  tluck. 

The  depth  of  cutting  on  tliis  section  was  thirty  feet.  Tho  bottom  of  tho  excavation 
being  in  water,  tho  tendency  of  each  slope  was  to  slido  in,  iis  soon  lut  tlie  exeavatioit 
reached  tho  water.  To  prevent  tliifl,  piles  were  driven  on  oitlior  sido  and  stout  timbors 
crossed  from  pile  to  pile  to  maintiiiu  them  in  position.  Resting  against  these  piles  on 
either  side  a  partition  of  plank  and  sheet  piling  was  prepared  which  held  back  tho  sand 
and  admitted  of  the  excavation  and  pumping  going  on  with  but  Htllo  interruption. 
This  heavy  timber  shoring  had  to  bo  maintained  hero  until  tho  conduit  wa«  linislicd  and 
covered. 

On  one  of  the  middle  sections,  where  a  short  piece  of  soil  bog  occurred,  a.  piled 
foundation  was  resorted  to.  The  piles  wore  capped  and  planked,  and  upon  this  plank 
platform  dry  stone  masonry  was  carried  up  to  tho  bottom  grade  of  tho  conduit. 

The  concrete  was  formed  IVom  clean  broken  stone,  broken  so  as  to  piuw  through 
a  two-inch  ring.  Brickbats  were  also  allowed  to  bo  broken  up  and  used  in  tlio 
formation  of  concrete,  having  been  ftrst  screened  H  om  Uio  brick  dust.  Two  to  two 
and  a  half  measures  of  tho  broken  stoncB  were  well  mixed  with  one  measuro  of 
hydraulic  cement  mortar,  prepared  as  already  described.  Tho  concrete  matorial  thus 
prepared  was  laid  in  sections  to  tho  required  form,  well  rammed,  and  then  allowed 
so  act  firmly  before  receiving  tho  further  work.  The  centres  of  the  anrliing  were 
not  allowed  to  be  struck  until  earth  had  boon  well  packed  in  behind  the  side  walls, 
and  halfway  up  the  arch.  In  both  cuttings  and  embankments,  the  arch  was  covered 
with  four  feet  of  earth,  with  a  width  of  eight  feet  at  this  height  on  embankimnilw, 
and  slopes  of  one  and  one  half  horizontal  to  one  perpendicular,  on  each  side.  These 
slopes,  and  tho  top  surface  of  the  banks,  were  covered  with  a  layer  of  such  soil 
as  the  country  afforded,  which  was  not  good,  and  then  well  seeded  with  grass  seed— 
a  process  that  will  require  to  be  frequently   repeated,   as  olroady  mentioned,  I>eforo 

a  good  sod  can  be  obtained. 

The  manholes  were  parried  up  to  the  top  of  the  covering  bunk,  ucid  there 
covered  with  a  heavy  slab  of  cut  granite.  On  the  lower  reach  of  tho  conduit> 
they  were  placed  on  the  centre  of  the  arch  ;  but  on  the  upper  reach  they  wuro 
placed  on  the  side  of  the  conduit.    (See  plate  23.) 

On  a  portion  of  this  lower  reach,  within  two  thousand  feet  of  the  pump-well, 
thirty  small  openinga  (four  inches  by  two  inches)  were  left,  at  intervals  of  fiRy  feet, 
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on  the  cast  «idc-wall«.  at  tlie  springing  line  of  the  arch.  The  sand  excavation 
here  varies  from  twenty  to  thirty  feet  in  depth,  and  the  undergi-ound  water-bne  stands, 
ordinarily,  three,  four,  and  five  feet  above  the  level  of  the  holes  referred  to,  the 
height  or  head  of  wat^r  being  gi-eatest  at  the  holes  nearest  to  the  pump-well.  A 
careful  experiment,  made  in  February,  1859,  after  the  work  was  finished,  showed  a  rate 
of  delivery,  in  twenty-four  hours,  of  1,402,000  New  York  gaUons  from  these  smaU 
inlets  exclusively.  The  depth  of  water  in  the  conduit  on  this  section  averaged  thi-ee 
feet  eight  inches,  when  the  csperhnent  was  made  ;  that  is  to  say,  it  was  coincident  with 
the  springing  line  of  the  arch,  and  the  position  of  the  holes.  Had  the  water  stood  at 
five  or  six  feet  of  height  in  the  conduit,  the  position  below  which  it  is  not  weU 
to  Iiave  it  when  the  engines  are  pumping,  the  deHvery  would  not  have  been  so 
great ;  but  in  any  case,  it  may  be  safely  taken  as  worth  a  daily  supply  of  750.000 
gaUons  of  excellent  water  when  wanted.  The  inlet  holes  referred  to  are  closed  at 
present.  If  the  water  derivable  from  this  source  should  be  desired  hereafter,  it  will 
be  necessary  first  to  place  a  protection  on  the  outside  of  the  wall  at  each  hole,  which 
shall  jirevent  any  sand  flowing  into  the  conduit  with  the  water,  and  thereby 
damaging  the  pumps,  as  well  as  producing  slides  on  the  excavation  slopes. 

The  conduit  terminates  in  a  small  arched  basin,  ten  feet  wide  and  fifty-two  and 
a  half  feet  long,  placed  at  right  angles  to  the  line  of  conduit  and  bearing  on  the 
masonry  of  the  pump-well,  its  arch  is  twenty-four  inches  thick.  This  basin  commuuicutes 
with  the  pimip-well  by  means  of  four  sluices  (plate  31). 

The  foundation  grade  of  the  conduit  at  the  crossnig  of  Spring  creek  is  situated 
below  the  water  of  the  creek.  The  culvert  built  for  the  passage  of  the  brook-water  is 
thence  liable  to  be  silted  up  unless  watched  and  kept  open  by  the  persons  in  immediate 
charge  of  the  conduit  works.  To  facilitate  the  keeping  of  such  a  culvert  clear,  a  trap  waa 
in  this  case  b\iilt  at  the  upper  end  of  it,  into  which  the  silt  or  sand  carried  by  rain 
deposits  itself.  The  trap  if  cleansed  out  frequently  will  very  much  sunplify  the  keeping 
of  the  culvert  open  ;  if  neglected,  and  hence  the  ciUvcrt  allowed  to  become  choked,  the 
waters  gathering  against  the  conduit  bank  might  induce  serious  damage.  On  the 
entire  line  of  conduit  there  are  sixteen  culverts  similarly  situated ;  some  in  which  the 
water  is  passed  under  tlic  conduit  thi'ough  ii-on  pipes,  connected  with  traps  as  aforesaid. 
All  of  these  passages  want  careful  watching. 

At  Spring  creek  there  is  a  waste-wier  whence  the  conduit  water  escapes  into  the 
creek,  when  the  pumps  are  not  at  work.  There  are  also  two  sluice  gates  here,  for 
drawing  olT  the  water  in  the  conduit,  the  whole  constructed  of  stone  masomy  ;  the 
covering  house  is  of  brick.  The  reader  is  refeixed  to  the  drawings  for  the  foi-m  and 
dimensions  of  this  work  (phUe  22).  At  a  pomt  2-^  mUes  from  the  pump-weU  a  simUar 
waste-weir  witJi  sluice  gates  is  built. 

A  circular  branch  conduit,  three  and  a  half  feet  in  diameter,  connects  the  east  end  of 
this  reach  with  Jamaica  pond.  This  circular  branch  conduit,  like  all  the  branch 
condiuts,  was  constructed  of  hard-burnt  brick  laid  in  hydraulic  mortar. 
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The  water  from  Jnmaica  pond  wns  puAnMl  through  Iho  conduit  lo  tho  pum])-\v(>ll 
in  November,  1858.  It  was  received  into  tho  city  in  Docombor,  1858,  nnd  sineo  that 
date  the  city  has  been  supplied  with  water  without  intorniption,  and  iibunduiitly. 

Tho  upper  or  new  reach  of  tho  conduit  wati  conimuncod  in  1850,  considerablu  work 
having  been  done  previously  at  this  end  on  tho  opon  canal,  whioh  to  somo  oxtunt  wan 
made  available  for  the  conduit  works. 

While  the  work  on  t)»e  open  conal  whs  in  progrosa,  and  before  tho  construnlion 
of  n  conduit  there  was  determined  on,  tho  contractors,  much  to  tlioir  crudity  and  of  their 
own  accord,  built  circular  brick  conduits  upon  the  pond  branch  lines  instead  of  tho 
open  canals  required  by  their  contract. 

This  upper  reach  of  tho  main  conduit  extending  from  Jamaica  creek  vulli-y  to  ita 
connection  with  the  Hempstead  pond  is  7.542  miles  in  length  ;  tho  entire  h<tiglli  of 
both  roaches  of  tho  conduit  is  12.S9  miles. 

The  materials  and  workmanship  of  this  reach  of  the  conduit  were  of  the  sumo 
substantial  character  as  upon  the  lower  reach.  Tho  foundations  woro  in  this  ciuit  laid 
on  a  planked  preparation,  with  short  exceptions.  Tho  four-inch  brick  lining  Inside  of 
tho  stone  side-walls  was  omitted,  tho  side-walls  being  built  wholly  of  stono  where  stono 
was  used  ;  in  some  portions  the  side-walls  wore  built  entirely  of  brick.  Tho  brick 
invert  was  made  eight  inches  thick  throughout,  laid  on  a  preparation  of  concrete  resting 
on  the  timber  platform  already  mentioned  (plato  23).  Tho  conduit  was  covered  with 
the  same  depth  of  earthwork,  hul  tho  slopes  of  the  banks  woro  inclined  two  to  one 
in  this  case. 

The  engineer  will  perceive,  on  inspection  of  tho  conduit  cross-sections,  that  tho 
conduit  does  not  possess  strength  enough  in  side-walls  to  moot  tho  thrust  of  tho  arch, 
independent  of  the  support  received  when  in  uso  from  the  eartli  backing.  The  conduit 
is  dependent  on  this  backing  as  its  sustaining  abutment,  and  it  is  for  this  roason  that 
we  have  been  so  particular  in  requiring  tho  earth  to  be  rammed  and  pai;kcd  behind 
the  side-walls  before  the  removal  of  the  centering,  and  in  afterwards  coutiiming  thin 
careful  packing  of  tho  back-filUng  at  least  us  high  aa  tho  top  of  tho  arch.  In  Iho 
CrotoD  conduit^  and  still  more  so  in  tho  Cocliituatc  and  the  Washington  conduitu,  tho  samo 
condition  of  things  exists.  If  the  oorth  is  unfaithfblly  applied,  or  if  Uio  conduit  leaks 
after  it  is  appHed,  so  as  to  produce  a  settlement  or  movement  of  that  earth,  the  arch 
will  in  all  probability  press  out  the  sidc-wallfl,  or  in  some  way  or  otiior  show  that  a 
corresponding  movement  in  the  masonry  has  taken  plocfi.  This  movement  is  genemlly 
slight,  but  it  id  a  fertile  source  of  trouble  and  expense  from  the  difficulty  experienced 
in  making  a  permanent  correction  of  it 

At  Jamaica  creek,  at  Valley-stream  creek,  and  at  Rockvillo  creek,  the  arch  bridgea 
constructed  there  (see  plates  21,  27,  and  28)  were  arranged  to  include  waat^-wcirs  and 
two  sluice  gates  at  each  bridge  for  drawing  ofF,  when  necessary,  tho  waUin  of  tho 
conduit.  These  bridges  were  built  for  the  canal,  which  required  more  spaxxj  in  width 
than  the  conduit.    They  have  been  made  available  for  the  conduit,  but  at  tho  expense 
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Of  some  clumsincfls  in  superlluous  space.  SmaU  brick  houses  were  built  over  eax:h  of 
the  bridges  to  protect  the  waste-weir  aud  sluice-gates  (plate  24).  The  stone  used  in 
these  bridges  was  granite,  cut  where  necessary  to  meet  the  designs,  and  laid  in  hydi-anlic 
cement  mortar.  The  foundations  were  started  from  heavy  timber  platforms,  having 
a  row  of  sheet  piUug  at  the  upper  aud  at  the  lower  end  of  each  platform.  The 
channelway  under  the  bridge  and  between  its  ^vings  wixs  paved  with  stone  laid  in 
hydraulic  mortar. 

Wlierever  roads  crossed  the  line  of  conduit,  the  crossing  was  ballasted  with  broken 
stone  twelve  inches  in  tliickness.  The  arch  at  these  crossings  may  be  seriously  damaged 
if  the  wheel-ruts  are  allowed  to  wear  through  the  stone  ballasting  aud  to  reach  the 
brickwork. 

From  all  the  supply  ponds,  except  Hempstead  pond,  at  which  the  mam  conduit 
terminates,  theii-  waters  are  conveyed  to  the  main  conduit  through  circular  brick 
conduits,  as  ah-eady  alluded  to.  The  lengths  of  these,  with  their  diameters,  are  as 
follows : 


NAMKS  Of  PONDS. 

[uldo  lUunotor. 
 .  J  

Incbw. 

Fool. 

30 

1,813 

30 

2,103 

Clear  Stroam  

U 

1,980 

U 

2,8n 

42 

2,937 

Upon  each  branch  conduit  there  is  au  arrangement  near  its  mouth  for  cutting  it 
off  from  the  main  conduit,  to  meet  repaii's. 

Wherever  water  was  found  in  the  foundations  of  these  branch  conduits,  a  mould 
of  one-inch  plank  was  laid  to  the  form  of  the  lower  semi-diameter,  to  receive  the 
brickwork.    These  branch  conduits  are  covered  with  four  feet  of  earth. 

It  may  as  well  be  mentioned  here,  that  all  the  lands  belonging  to  the  works 
built  under  the  contract  of  H.  S.  Welles  &  Co.,  are  fenced  in.  The  ponds  are  fenced 
with  a  picket,  fence,  the  posts  of  locust ;  the  maui  conduit  and  branches  with  a  post  and 
rail  fence ;  the  reservoirs  and  engine-house  groxmds  with  an  iron  fence,  and  the  pipe-yard 
witli  a  brick  wall  in  front  and  a  timber  fence  in  rear.  The  only  exception  is  the  strip 
of  huid  between  the  Ridgewood  engine-house  aud  the  Ridgewood  reservoii".  This  piece, 
three  thousand  two  hundred  feet  in  length  and  twenty-four  feet  in  width,  is  not  yet 
fbnced.    (See  plate  42,  for  drawings  of  these  fences  and  of  the  gateways.) 

ENGINE-HOUSK  AND  i'UUP-WELL. 

The  reader  is  referred  to  plates  29,  30,  and  31,  for  the  form  and  dimensions  of  the 
engine-house  and  of  the  pump-well. 
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The  pump-woU  counccta  by  four  sluiced  opoiiings  with  tlw  torminul  biwiu  of  the 
couduit. 

The  mat«riat  of  the  fuundntion  wna  snnd  of  a  very  uiiirorui  qunllly,  Tlio  atto 
having  been  excavated  to  a  sulliciont  dupth,  and  the  water  kept  down  by  puntplng 
engines,  a  strong  timber  platform  waa  laid  upon  it,  extending  as  well  over  tlie  ground 
occupied  by  the  conduit  terminal  basin  or  pocket,  at*  it  lias  boiMi  sometimes  called. 
Upon  this  platform  twelve  inches  of  concroto  was  laid  in  layurH ;  oiu:h  layer  being  well 
rammed  and  allowed  to  set  before  tlie  application  of  another  layer.  Upon  this  budding 
of  concrete  the  stone  work  of  the  pump-well  was  begun,  as  wull  us  the  prepiinitory 
stone  work  of  the  pocket.  The  entire  punip-well  is  built  of  heavy  coui*sed  gninito, 
carcf\illy  cut  to  meet  the  conditions  of  the  plan,  and  laid  in  ft'csh  liydi-anlic  ntf)rtar. 
The  invert  of  the  bottom  of  the  pump-well  was  also  built  of  coursed  granite,  ladiated, 
as  shown  in  the  drawings,  luid  laid  in  cement  mortar. 

The  bottom  of  the  pump-well,  or  the  surface  of  tlie  invert  which  is  Hat,  is 
situated  three  inches  below  tide,  being  two  foot  below  the  bottom  of  the  terminal  basin 
of  the  conduit  This  gives  seven  feet  of  water  in  the  pnnip-woll,  whoti  there  is  live 
feet  of  water  in  the  conduit.  At  present  (Nov.,  180'1)  with  the  snperabundance  of  wulor 
at  command,  there  is  usually  eight  to  nine  feet  of  water  in  ilie  i)ump-well  when  the 
engines  are  pumping.  Low  cross-walls  divide  the  water  space  of  the  pump-welt  into 
two  parta,  that  the  separate  pumps  of  the  engines  may  eoch  bo  reached  for  repairs, 
without  interrupting  the  working  of  the  other.  The  four  sluices  already  mentioned 
comicct  the  conduit  with  each  of  those  parts. 

The  mason  work  of  this  pump-woli  boa  proved  to  bo  remarkably  tight  and  lias  shown 
no  indications  of  any  settlement  since  it  was  built.  The  iron  sluices  have  not  jjrovod 
to  be  as  tight  as  is  desirable,  but  this  kind  of  defect  is  readily  remediable. 

The  engine-house  in  of  such  dimensions,  and  so  placed,  as  to  include  witliin  ilh  interior 
the  pump-well,  with  sufficient  space  besides  to  receive  four  large  pumping  engines, 
each  having  a  capacity  of  delivery  of  ten  millions  New  York  gallons,  daily. 

Whenever  the  word  gallon  is  mentioned  in  this  paper,  it  is  always  to  bo  understood 
as  the  New  York  gallon,  unless  otherwise  designated.  Tliis  gallon  contains  eight  pounds 
of  water.  One  hundred  gallons  are  equal  to  12,8  cubic  feet,  and  ono  cubic  fcjot  is 
equal  to  7.8125  gallons,  on  the  assumption  that  ono  cubic  foot  of  fresh  water  weighs 
62.5  lbs.  avoirdupois. 

The  interior  dimensions  of  the  engine  house  are  eighty-four  feet  by  sixty-nine  feet, 
of  each  boiler  house  sixty  feet  by  forty-five  feet.  The  boiler  houses  form  wings  lo  the 
main  buildbg,  and  are  each  intended  to  receive  the  boilers  of  two  engines.  The  eastern 
wing  is  now  occupied  by  the  six  boilers  of  the  two  engines  now  in  use, 

The  walls  of  the  engine  house  and  its  wings  are  built  of  liard  burnt  brick  fa.;*'l 
with  brown  pressed  brick.  The  facings  of  the  doors  and  windows,  the  quoins  and 
cut  stone  work  of  the  chimney,  are  of  finc-drcBsed  Connecticut  freestone.  The  roof 
conflists  of  iron  trusses,  sheathed  with  two  layers  of  one-inch  pine  boards  and  covered 
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with  tin.  The  floor  consists  of  yeUow  pine  plank  resting  on  wrought^iron  beams.  The 
reader  ia  referred  to  plates  29  and  30  for  the  architectural  character  of  the  building,  and 
the  dimensions  of  its  details.  The  design  was  made  for  me  by  Julius  W.Adams,  Civil 
Engineer.  The  foundation  walls  were  built  of  granite  and  gneiss.  The  whole  of  the 
mason-work,  whether  of  brick  or  stone,  was  laid  in  hydraulic  cement  mortar.  An  iron 
footway  runs  round  the  interior  of  the  engine  bouse,  situated  twenty-five  feet  above  the 
floor  from  which  the  upper  parts  of  the  machines  can  conveniently  be  examined. 

The  heavy  stone  work  on  which  the  pumping  engines  rest,  and  to  which  the 
bed-platc8  and  cylinders  of  each  machine  are  bolted,  is  built  distinct  and  separate 
from  the  engine-house  walls,  which  do  not  in  any  way  come  in  direct  contact  with 
the  supporting  works  of  the  pumping  machinery. 

The  builders  and  designers  of  the  pumping  engines  (Woodruff  &  Beach,  of 
Hartford,  by  their  superintendent,  Mr.  Wm.  Wright),  supplied  us  with  the  forms 
and  dimensions  of  foundations  desired  by  them  for  each  engme,  and  the  stone 
work  of  these  foundations,  or  engine-walls,  was  built  strictly  in  accordance  with  their 
plan.  This  portion  of  the  work  was  built  of  heavy  granite,  upon  concrete 
foundations. 

Certam  portions  of  these  masses  were  bolted  together.  The  reader  is  referred 
to  the  drawings  (plate  32)  for  its  form  and  mode  of  connection  with  the  engines. 
The  foimdations  of  the  first  enguie  were  buUt  while  the  construction  of  the  engine- 
house  was  in  progress.  The  foundations  of  the  second  engine  were  put  in  after 
the  house  was  finished  and  in  use,  the  character  of  the  second  engine  not  having 
been  determined  on  when  the  first  was  under  way.  The  masonry  of  the  foundations 
of  the  second  engine  is  of  the  same  massive  character  as  that  of  the  first, 
consisting  of  heavy  granite  work,  otherwise  secured  by  heavy  bolting.  At  the 
engine-house  these  foundation  walls  are  quite  accessible,  and  can  be  readily  examined 
by  strangers,  that  floor  being  lighted  with  gas  for  the  convenience  of  the  engine 
attendants. 

The  chimney  is  placed  at  the  southeast  corner  of  the  eastern  boiler-house,  but 
its  masonry  is  not  connected  with  the  walls  of  the  boiler-house.  The  western 
boiler-house  is  not  now  in  use,  and  the  chimney  for  that  end  remains  to  be 
constructed  when  that  boUcr-house  shall  be  wanted.  The  present  chimney  is  one 
hundred  feet  in  height,  and  of  forty-eight  inches  interior  diameter.  The  base,  for 
fotirteen  feet  from  the  ground,  is  square  ;  the  remainder  of  the  chimney  is  octagonal, 
and  constructed  of  the  best  hard-burnt  brick,  with  an  ornamental  h-on  cornice  at 
top.  An  interior  cylinder  of  brick,  separated  six  inches  from  the  outer  walling 
of  the  chimney,  rises  from  the  foundaUou  to  within  twenty  feet  of  the  chimney 
top.  A  horizontal  brick  flue,  of  fourteen  and  one  fourth  square  feet  area  (height 
forty-eight  inches,  by  forty-eight  inches  width),  connects  the  chimney  with  the  several 
boiler-flues. 
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The  two  engines  aro  coudcnaing  benm  onginoti,  pasaetming  fiomo  of  the  pcculiaritios 
of  the  Comiah  engine,  and  intended  by  the  deaigiier  (Willium  Wright)  tui  an 
improvement  on  that  typo  of  engine,  both  aa  rogaids  economy  of  first  coat,  and 
economy  of  working  espouses. 

The  Cornish  engine  is  single-acting  ;  that  is,  it  rccoivoa  ntoam  iit  but  one  end  of  iln 
stcnm-cylinder,-  and  has  but  one  pump  ;  tlio  Ridgewuod  engine  is  doublu-uuling  in  its 
Bteam-cyUndor  and  has  two  lifting  pumps,  ono  at  either  end  of  its  walking  boam,  the 
pump  at  the  steam  end  being  placed  in  the  well  immediately  undornoalh  the  Meant- 
cylinder  ;  the  pump  at  the  other  end  of  the  walking  beam  \b  coiinocUid  with  the  well  by  n 
pipe  of  tlirce  foot  diameter,  the  well-pump  cylinder  being  made  in  ofl'oot  part  of  this  pipe. 

The  pumjj-pistons  in  descending  pass  tlirough  water  in  motion  ;  iit  other  words, 
while  the  piston  of  the  lower  pump  is  rising,  its  water  roaelies  tbo  rising  nuiin  !»y 
passing  through  the  upper  pump,  wliose  piston  with  its  valves  open,  is  then  niuking  itji 
descent,  and  rice  versa.  Lest  this  peculiarity  sliould  projudico  the  working  of  the 
machine,  an  outer  cylinder  surrounds  the  pump-cylinder  proper,  leaving  an  annular 
space  of  seven  and  one  half  inches  in  width,  equivalent  to  an  area  of  7.0  square  foot, 
in  addition  to  the  area  (7.00  square  feet)  of  tlio  pump-cylindcr. 

The  arrangement  secures  a  very  IVcc  delivery  of  the  water  ft'om  each  pump- 
chamber. 

The  reader  is  referred  to  the  drawing  (front ispieco)  to  understand  tlio  pccurmritios 
of  this  engine. 

In  the  Cornish  pumping-enginc  the  steam  does  not  act  immediately  upon  tlie 
water,  but  lifts  a  weight  (a  cast-iron  column  of  ten  feet,  more  or  less,  in  length), 
and  this  weight  is  the  motor  which  directly  acts  upon  the  column  of  water.  In 
the  Ridgewood  engine  the  steam,  in  efTcct,  acts  directly  upon  the  water,  moving 
instead  of  a  short  column  of  cast-iron,  a  long  column  of  water,  in  the  present  case 
three  thousand  four  hundred  and  filly  feet  in  length  combined  with  one  hundred  and 
sixty-tluree  feet  of  vertical  height. 

It  is  not  found  in  practice  convenient  or  safe  to  start  this  long  body  of  vfaUir 
as  rapidly  as  the  short  column  of  iron  can  be  started  in  the  caso  of  tlio  Cuniirth 
en^e,  nor,  on  the  other  hand,  can  the  Ridgewood  cngino  aflbrd  to  start  its  column 
of  water  as  slowly  as  the  Coruish  cast-iron  weight  sturts  it.  The  steam-motor  must 
be  comparatively  rapid  through  the  first  half  of  its  stroke,  the  iron  motor  or  plunger 
is  most  rapid  towards  the  latter  half  of  the  stroke.  In  Uic  Ridgewood  engines  tbo 
large  air-chamber  very  much  ameliorates  the  conditions  indicated. 

A  direct^  so  to  say,  instead  of  an  indirect  action  of  the  steam  on  the  column 
of  water  to  be  moved,  forms  the  chief  distinction  of  the  Ridgewood  engine  as  compared 
with  the  Cornish  engine. 
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The  lengUi  of  stroke  U  in  neither  engine  limited  by  a  crank,  nor  is  the  power  in 
either  engine,  to  any  extent  aecumulated  from  stroke  to  stroke  by  a  By  or  other 
contrivance.  At  each  stroke  of  the  engine  the  whole  steam  used  is  spent,  nothmg  is 
transferred  to  the  next  stroke,  nnless  it  may  be  said  of  the  Cornish  engine,  that  the 
cushioning  of  the  steam  forms  a  slight  reserve  towards  the  nest  movement. 

The  stroke  of  neither  class  of  engine  being  limited  by  a  crank,  its  length  is 
variable  and  dependent  upon  the  variations  of  pressure  in  the  boilers,  and  upon  the 
manipulation  of  the  steam-valves  by  the  attendant.  This  variation  is  generaUy  sUght 
on  the  Kidgewood  engines  ;  on  Cornish  engines  the  full  stroke  is  frequently  shortened 
as  much  as  six  inches.  The  sU-oke  of  the  piston  cannot,  however,  overreach  the  full 
stroke  so  as  to  strike  the  cylinder-head  or  bottom  without  first  destroying  a  certain 
arrangement  of  beams  placed  to  defend  the  cylinder  from  such  a  contingency. 

This  peculiarity  in  these  two  types  is  at  once  a  great  advantage  and  a  disadvantage. 
It  renders  the  engine  so  sensitive  m  its  action  as  to  requh-e  more  than  usual  faithfulness 
on  the  part  of  the  attendants,  both  at  the  engine  and  at  the  boilers.  If  the  work  of 
firmg  the  boilers  is  not  so  managed  as  to  maintain  great  uniformity  in  the  pressure 
of  steam  there,  the  variations  will  become  immediately  perceptible  upon  the  machine 
by  corresponding  variations  in  the  len^h  of  stroke,  and  the  attention  of  the  engineer 
in  charge  will  be  kept  nervously  on  the  stretch  to  meet  the  carelessness  of  his  fii-emen. 
This  close  attention  can  never  safely  flag  for  a  moment,  and  hence  it  requires  a  very 
superior  class  of  men  to  bo  in  chiu-ge  of  so  sensitive  a  machine. 

This  is  its  great  advantage  as  regards  economy  of  fuel.  On  the  other  hand,  this 
sensitiveness,  notwithstanding  the  best  attention  of  the  engineer,  will  sometimes  bring 
about  an  ovon'eaching  of  the  stroke  and  greater  or  less  damage  to  the  engine.  This 
is  its  disadvantage,  a  disadvantage  which  is  not  felt  in  a  crank-engine  in  this  way 
where  considerable  variation  in  the  steam  used  may  occur,  without  other  efiect  on  tiie 
machine  than  an  increase  in  the  rapidity  of  its  motion. 

A  Cornish  engine  sufEciently  large  to  perform  the  work  of  one  of  the  Ridgewood 
engines,  would  have  had  a  cylinder  of  at  least  one  hundred  and  thirty  inches  in 
diameter.  The  cylinder  of  the  engine  referred  to  is  eighty-five  inches  in  diameter. 
Our  engine  builders  were  all  very  shy  of  undertaking  to  build  so  large  an  engine  of 
the  Cornish  class,  and  our  Water  Commissioners,  on  the  other  band,  were  not  vrilling  to 
vary  in  this  respect  from  the  contract  requirements  as  to  the  daily  work  of  the 
engine. 

To  build  so  large  a  Cornish  engine  in  the  United  States  would  have  been  in  some 
degree  an  experiment ;  the  tendency  of  machinists  being  usually  to  economize  too  much 
in  material,  in  all  cases  where  their  own  first  notions  have  not  been  corrected  by 
actual  use  or  by  long  practice.  I  have  referred  thus  much  to  what  is  caUed  the 
Cornish  engine  as  bemg  a  standard  in  great  favor  with  most  engineers  in  connection 
with  water  supply,  and  as  having  been  evidently  (though  the  name  is  not  mentioned 
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in  words)  the  kind  of  engine  wliioU  wna  con  tern  plated  uiidur  our  contrnot  with 
H.  S.  Welles  &  Co. 

Neither  of  the  engines  now  in  use,  na  first  conatnioted,  ftilfiUed  the  e.X|K'utiitionM  of 
tho  builders,  but  in  cnch  case  certain  nttorutioiu  and  improvements,  ttuutll  but  important, 
had  to  be  made  before  the  engines  could  bo  acooptcd.  tiuuh  will  ulwuya  bo  Uiu  oumo 
with  new  machines,  whether  tho  novelty  consists  in  arrangomont  or  dimonniona.  A 
Cornish  engine  would  have  been  in  every  respect  bo  much  larger  and  more  niaiwivo 
than  either  of  these  macliines,  that  the  doluyH  in  perfecting  it  would  huvo  licon 
proportionately  tedious,  and  in  that  cnso  wo  may  fbcl  tuiHurcd  that  tho  uity  would 
not  Imve  been  accommodutod  witli  the  Ridgewood  water  quite  a»  early  as  under 
the  existing  arrangement. 

The  steam-cylinder  of  engine  No.  1  ia  ninety  inches  in  diameter,  of  No.  2  oiglily- 
fivo  inches  in  diameter  ;  the  full  stroke  in  each  ease  is  ton  feet^ 

The  two  pumps  of  No.  I  are  each  of  thirty-six  iuohcs  diameter,  with  the  Hanio 
length  of  stroke  as  tho  engine.  The  two  pumps  of  ougiue  No.  2  aro  ouch  of  thirly*Bix 
inches  diameter,  with  the  same  length  of  stroke  as  that  engine  ;  tho  pumps  of  each 
engine  deliver  into  an  air-chamber  of  sovonty-oight  and  a  half  inches  interior  diaiuot^ir  and 
six  hundred  and  eleven  cubic  feet  capacity  ;  thence  the  waters  pass  into  the  riHtng  niuin 
which  starts  fVom  this  air-chamber.  A  Ul\ing-valvc  inside  of  this  air-cluunbur  scpuratCH  it 
from  the  pump,  opening  and  closing  with  each  stroke  of  tlie  pump.  Tho  air'uliuniber 
is  of  cast-iron  in  three  pieces,  flanged  and  strongly  bolted  together  at  tho  flanges — 
the  thickness  of  the  iron  is  one  and  a  half  inches. 

There  arc  three  boilers  to  each  cnguic,  each  boiler  being  thirty  feet  in  length  and 
eight  feet  in  diameter.  Tho  heated  gases  of  the  Aro-chambor  are  passed  through 
large  flues  to  the  end  of  the  boiler,  returned  through  smaller  flues  to  within  six 
feet  of  its  fhrnace,  and  then  passed  undenicuth  to  the  largo  brick  flue  which  connects 
with  the  chimney.  There  are  two  largo  steam-pipes,  one  for  each  engine,  so  arranged 
that  they  can  be  connected  with  any  of  the  six  boilers.  Tho  drawings  (plat^;  3:i) 
will  show  the  dimensions  and  forms  of  tho  several  parts  of  the  boiler.  Ttie  ciigltica 
are  usually  worked  under  a  pressure  of  eighteen  pounds  of  steam  in  tho  boilers. 

The  contract  required  that  each  of  the  Ridgewood  engines,  when  otherwise  (It 
for  acceptance,  should  be  subjected  to  a  working  trial,  during  which  it  should  show 
an  abihty  to  deliver  into  tho  Ridgewood  reservoir  ten  millions  Now  York  gallons  in 
sixteen  hours,  and  for  "duty,"  so  called,  should  at  tho  same  time  bo  "teslcd  by 
the  standard  of  not  less  than  six  hundred  thousand  pounds  of  water  raittcd  one  foot 
high  with  one  pound  of  coal." 

The  force-main  in  each  case  is  of  tliirty-six  inches  diameter  and  three  thousand 
four  hundred  and  fifty  feet  in  length.  The  water  Iius  to  be  lifted  one  hundred  and 
sixty-four  feet. 

These  trials  were  very  carefully  made  under  the  direction  of  competent  mechanical 
engineers. 
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Engine  No.  1  showed  a  capacity  of  delivery  of  10,293,102  New  York  gallons  in 
sixteen  hours,  and  a  "duty"  equal  to  007,982  pounds  of  water  raised  one  foot  by  one 
pound  of  coal.  Engine  No.  2  showed  a  capacity  of  delivery  of  10,632,366  New  York 
gallons  in  sixteen  hours,  and  a  "duty"  of  619,037  pounds. 

The  details  of  these  trials  are  given  in  the  Appendix. 

The  engines,  as  in  all  similar  cases,  were  placed  in  their  best  working  condition 
for  these  li-ials  by  the  constructors,  and  the  boilers  were  fired  witb  great  care  and  with 
the  best  quality  of  the  kind  of  fuel  contemplated  to  be  used  thereafter.  Under  the 
ordinary  every-day  working  of  the  engines  the  same  high  condition  of  the  machine 
cannot  be  maintained  ;  the  wear  and  t«ar  and  contingencies  of  the  service  affect  the 
results  then,  and  the  same  economy  of  fuel  is  never  attainable. 

Before  the  plan  of  engine  now  in  use  here  was  decided  on,  aud  contracted  for, 
certain  experiments  were  made  on  the  pumping-engines  of  the  Jersey  City,  of  the 
Hartford,  and  of  the  Cambridge  water-works,  the  results  of  which  it  will  be  in  place 
to  mention  hero,  the  reports  of  the  mechanical  engineers  who  conducted  these 
experiments  being  now  out  of  print. 

During  the  early  stage  of  our  work  (1857)  it  was  contended  by  the  machinists 
of  the  Hartford  p\imping-engine,  aud  by  intelligent  parties  interested  in  the  construction 
of  an  engine  upon  the  same  general  plan  at  Deti'oit,  that  tlie  Hartford  type  of  engine 
was  capable  of  a  much  higher  economy  in  fuel  or  ''  duty"  than  the  Cornish  fom  of 
puraping-ongine,  which  last  was  considered  by  some  of  our  best  authorities  here  and 
by  high  authorities  in  England  to  be  the  best  and  most  economical  form  of  pumping- 
engine  in  use.  Certain  engines  m  the  neighborhood  of  London,  built  by  Mr.  Simpson, 
had  done  as  well  or  better,  but  theii'  reputation  was  not  then  as  well  established. 

To  ascertain  whether  the  Hartford  type  of  engine  was  worthy  of  the  very  high 
position  which  its  friends  claimed  for  it,  the  commissiouers  authorized  Mr.  J.  C.  Brevoort 
and  myself  to  have  an  experiment  made  on  the  Hartford  engine  and  also  on  the 
BoUevilie  engine  of  the  Jersey  City  water-works,  which  was  the  largest  Cornish  engine 
in  the  country,  with  a  view  to  ascertain  their  separate  and  comparative  efficiencies 
as  regards  economy  of  fuel  consumed.  To  this  end  we  procured  the  assistance  of 
two  mechanical  engineers  of  weU-established  experience  and  reputation,  Mr.  Charles 
W.  Copeland  and  Mr.  W.  E.  Worthen.  and  lea  them  to  conduct  the  experiments 
according  to  their  best  judgment. 

An  experiment  was  afterwards  made,  from  similar  motives,  to  ascertain  the 
comparative  efficiency  of  the  Cambridge  type  of  double-cylinder  pumping-engine.  built 
by  Mr.  U.  K.  Worthiugton. 

The  officers  of  the  corporations  owning  these  engmes  afforded  us  every  facility 
within  their  power  to  enable  us  to  conduct  the  respective  trials  satisfactorUy.  The 
constnictora  of  tlie  engmes  were  cquaUy  serviceable  and  courteous,  and  in  each  case 
prepared  then-  engine  for  the  trial  by  placing  it  in  its  best  working  order,  and 
selectmg  for  the  occasion  their  own  engineers  and  firemen. 
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Inasmuch  as  such  oxporimcnta  nro  oot  very  oftou  made,  and  ivra  of  much  intoreut 
to  engineers,  I  have  tliought  tho  details  of  Ihoao  worthy  of  record  in  tho  AppoiuHx. 

The  "duty"  results,  that  is  to  say,  tho  work  done  in  each  ciute  induced  to  llio 
conventional  fonu  of  tlio  poimda  of  water  raised  quo  foot  high  by  oiio  pound  of 
coal,  were  as  follows : 


Dalj  par 

LmIMo  of  ni(Uia. 

lOOIta.  Oa) 
w  Ukm  t>r 
Indlsttor. 

tlMtnrtL 

km 

ua 

OUNIHVVtllt. 

Uwhwt*. 

llKlkmM. 

Cab.  hM. 

Oub.  tel. 

ro.1. 

Dm.  S,  IIM 

ni,Mi,i» 

W.tB 

II 

is.au 

IB. US 

IIV.DU 
Ut.I» 

iM.aii 

tiMit*.  CU^Utul  k  WtUlhM. 

"    3.  " 

"    «,  lua 

"   19,  lue 

"     »,  ItU 
lUKbtO,  lUI 

n,ka.m 

n.osi 
u.tai 

«S.1U 
«,0U 

IM.IM 

lu.on 
n.v 

OD  U 

ito.t 

i«eiM 

>■            l<  (1 

»    ^  ■« 

II  11 

U.IU 

UntiM  t  IbDrvjr, 
<■       Orkf  k  bullb 

"  0. 

Juno  »,  lUT 

11, NO 

lio.lta 
ita.iw 

Jalr  U,  lUT 
"   )&,  lUT 

>•       Ona  k  Wurlt.*!! 

»  1^  11 

RROOK  LY N. 

Juna  IS,  U,  lUO 
Ad.  »,  10,  IMt 

tut  19,  II,  lift) 

Da  bDon. 

M,TM,SO 
|lM,HT,TgO 

U6.IIU 
IM.IMQ 

un.Ui 

in 

i» 

W.  H  WwUm. 

■  11 

"  1»         "   1 

10  boon. 

In  the  above  tabular  statement,  the  "  duty"  is  referred  to  tho  inoasurod  stroke 
of  tho  pump  and  the  vidicaled  hfl^  which  includes  tho  friction  of  tho  main.  Tho 
actual  discharge  of  the  pump  is  given  in  tho  same  table,  that  tho  reader  may  bo 
able  to  appreciate  the  dificrence. 

The  Hartford  engine  is  a  double-acting  crank  and  lly-whcel  engine,  tho  form 
and  action  of  tho  pumps  being  its  speciality.  Tho  Cornish  engine  has  been  already 
described.  The  Cambridge  engine  is  a  double-cylinder,  double-acting  engine.  Tho 
drawing  in  the  appendix  will  explain  the  pcculiuriLics  of  each. 

The  second  experiment  of  tho  Hartford  engine  was  made  after  certain  alterations 
had  been  made  m  the  machinery,  as  mentioned  in  the  proper  report.    (tSec  Appendix.) 

These  results,  though  convenient  expononts  of  a  very  important  brunch  of  tlio 
economy  of  an  engine,  do  not  necessarily  establish  a  proportionate  superiority  or 
inferiority  in  the  respective  machines  on  all  other  pointjf.  The  first  cost  of  tho 
machine  must  be  taken  into  the  comparison,  tho  cost  of  itii  maintenance  and  repairs, 
the  time  lost  in  making  repairs,  and  the  expense  of  attendance.  A  high  "duty"  is 
an  important  evidence  of  economy  as  regards  fuel  ;  but  this  may  bo  acc/jmpunied 
by  want  of  simphcity  or  want  of  right  proportion  in  the  part*,  element*  upon  which 
the  life  of  tho  machine  and  its  capacity  for  uninterrupted  daily  work  essentially 
depend. 
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The  Ridgewood  engines  have  thus  far  performed  their  work  well,  and  with  less 
delay  and  repair,  we  should  judge,  than  haa  occurred  during  the  first  few  years  of 
most  of  the  pumping-engines  in  the  country.  The  daUy  consumption  of  the  city 
has  reached,  during  the  last  week  of  May,  1804,  an  average  of  7,816,159  gallons 
(1,000,468  cubic  feet)  in  twenty-foui-  hours. 

FORCE  MAINS. 

There  are  two  rising  mains  connecting  each  engme  separately  with  the  Ridgewood 
reservoir.  Each  main  is  composed  of  cast-iron  pipes  twelve  feet  in  lengt.h  and  of 
thirty-six  inches  interior  diameter.  The  lengtli  of  each  main  is  3,450  feet;  the 
difference  in  level,  of  the  two  ends,  one  hundred  and  fifty-two  feet.  There  are  four 
thicknesses  of  pipes  in  each  main.  The  pipes  at  and  in  the  neighborhood  of  the 
engine-house  (76)  are  one  inch  and  a  half  thick,  the  nest  section  (77)  is  reduced 
to  one  inch  and  three  eighths  in  thickness,  the  next  (185)  to  one  inch  and  a 
quarter,  and  the  upper  section  terminatiug  on  the  reservoir  to  one  inch  and  an  eighth 
thick.  The  specified  weights  of  these  pipes,  from  which  they  were  not  allowed  to 
vary  more  than  four  per  cent.,  were  as  follows  : 

The  pipes  Ih  inch  thick   5,280  pounds  each. 

IS       "    4,870 

li       "    4,460 

U       "    3,800 

The  sockets,  as  will  be  seen  by  the  drawing  (plate  43),  were  six  inches  deep. 
No  yarn  was  used  in  the  joints  of  these  pipes,  which  were  fitted  the  entire  depth 
with  lead,  and  calked  with  much  eare,  mside  and  out.  Notwithstanding  these 
precautions,  a  number  of  slight  leakages  at  the  joints  occurred  during  the  fii-st  year 
of  the  pumping,  easily  corrected  in  each  case  by  recalking.  There  has  been  no 
leak  for  the  past  thi-ee  yeai-s. 

These  mains,  at  their  upper  termini,  do  not  pass  through  the  reservoir 
embankment,  but  deliver  into  a  chamber  of  masonry,  their  outlets  being  nearly 
coincident  with  the  high-water  level  of  the  reservoir.  This  was  done  that  the  force 
mams  for  their  entire  lengths  might  each  be  accessible  for  repairs  without  breaking 
into  the  bank  of  the  reservoir  or  rendering  necessary  the  iowermg  of  its  reserved 
water. 

At  about  the  centre  of  each  force  main,  near  the  Jamaica  road,  a  check-valve 
is  placed  on  each  main,  intended,  in  case  of  the  faUui-e  of  a  pipe,  to  reduce  the 
damage  which  might  thereby  be  occasioned,  and  especiaUy  to  keep  the  escaping  water 
away  from  the  engine-house.  The  form  and  size  of  each  valve  wiU  be  seen  at  plate  47. 
The  upper  chamber  of  the  valve  is  connected  the  lower  by  a  three-inch  pipe 
with  a  stop-cock  on  it.  By  this  means  the  water  can  be  drawn  from  the  upper 
half  of  the  main  when  desii-ed.  This  three-mch  pipe  has  been  kept  open  when  the 
engine  is  pmuping.  the  experience  in  some  rismg  mains  having  sho^vn  that  without 
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such  ft  precaution  a  slight  collection  of  air  is  apt  lo  form  imnu'ill»toly  below  Iho  ohcuk* 
valve,  causing  tho  engine  to  start  the  next  stroke  with  a  jork. 

In  Iho  case  of  the  chci-'k-vnlvo  of  the  Uidgewooil  nuiius,  the  prtn-nution  sei'uis  to 
have  been  unnecessary  for  this  purposo,  aa  the  valvoa,  so  far  as  can  bo  jucl^od  by  tho 
sound,  do  not  close  except  whoa  tho  engine  stops  work.  While  it  is  working,  tlio  How 
under  the  effect  of  the  air-chambor  is  so  continuous  as  not  to  permit  tho  valves  then 
to  come  to  their  seats.  These  valves  are  reported  to  bo  very  tight,  and  to  work  very 
satisfactorily. 

At  tho  engine-house  end  of  tho  niulns  tho  check-valves  in  each  nir-ohanibcr 
disconnect  tho  mains  from  the  engines  and  pumps,  and  ix-liovo  tliese  ft'oni  all  wutor- 
pressui'e  when  the  engines  are  at  rest. 

ItlDGKWOOD  RESEItVOIH. 

The  reservoir  grounds  include  ASA  acres  of  land.  Tlioy  are  cncloiwd  by  a  nual 
fence  of  wrought-iron,  eight  feet  high,  with  a  small  gate  on  tho  south  side  of  tlio 
grounds,  and  an  elaborate  gateway  on  tho  north  side,  U])on  tho  Cypress  hill  turnpiko 
road.  The  reservoir  occupies  about  two  thirds  of  tho  grounds,  tho  unoccupied  part 
is  available  for  simitar  use  hereafter. 

The  grounds  are  kept  in  neat  order,  but  no  trees  wore  allowed  to  be  jiianted 
there,  because  their  leaves  would  bo  blown  into  the  water,  and  besides,  U)  some  extent, 
detracting  from  its  purity,  might  clog  the  gutes  and  screens  of  tho  outleUchamhor. 
For  similar  reasons,  it  was  judged  best  not  to  allow  carriages  or  horses  to  uso  tho 
banks  of  the  reservoir  as  a  driving-patli,  tho  dust  from  which,  as  woU  as  tho  manuro 
of  the  horses,  would,  in  that  case,  fmd  its  way  into  tho  reservoir. 

The  reservoir  is  divided  into  two  compartments  ;  tho  water  area  of  tJio  eastern 
division  is  11.85  acres,  and  of  the  western  division  13.73  acres;  in  all  26.C8  acres. 

The  contract  required  that  tho  reservoir  should  liave  a  capacity  of  not  less  than 
150,000,000  of  New  York  gallons  when  full.  Its  capacity  now,  when  full,  amounts  to 
161,221,835  gallons,  equal  to  20,030,395  cubic  feet. 

The  reservoir  grounds  are  situated  on  the  crest  of  the  central,  hilly  rango  already 
meutioncd ;  the  original  surface  was  knobby  and  irregular  with  a  picco  of  swamp 
touching  the  eastern  boundary,  not  an  unusual  circumstanco  upon  tho  heights  of  tliis 
range,  wherever  their  very  irregular  surfaces  produce  hollows  or  cups  retaining  tho 
summit- waters. 

The  position  of  the  reser^'oir  on  the  grounds,  and  tho  position  of  its  bott<»m,  as 
regards  height  above  tide,  were  determined  solely  by  ccouomicul  considerations,  tlw 
object  being  so  to  place  it  as  tliat  the  earthwork  of  forming  it  should  ho  a  miiiinmm. 
The  contract  required  it  to  have  a  "surface  elevation  of  not  less  tliau  one  hundred 
and  fifty  feet  above  mean  tide  a  provision  which  could  be  satisfied  by  any  arrangemeut 
of  tlic  work  which  the  ground  admitted  ot  Tho  Burfacc-wat«r  of  the  reservoir  as 
built,  when  fiill,  stands  one  hundred  and  seventy  feet  above  the  tidal  base  referred  to. 
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The  irregularity  in  the  shape  of  the  original  aurface  produced  a  correspondinj 
irregularity  in  the  depths  of  the  embankmcnta  forming  the  earthen  boundary  of  the 
reservoir,  which  vary  from  thirty  feet  in  height  on  the  east  side  to  four  and  five 
feet  in  height  on  portions  of  the  west  side.  The  inner  slopes  of  the  reservoir  rest 
consequently,  partly  on  artificial  embankment  and  partly  on  the  natural  earth  of  the 
position,  excavated  to  the  necessary  form,  as  will  be  seen  by  inspection  of  tJie  cross- 
sections  of  these  banks  (plat«  38). 

The  first  step  in  the  construction  consisted  in  the  removal  from  the  entire  site  of  the 
reservoir,  and  its  banks,  of  all  vegetable  soU  or  vegetable  matter  of  any  kind,  which 
was  laid  aside  to  be  afterwards  replaced  on  the  outer  slopes  of  the  finished  embankments. 

The  material  excavated  from  the  ground  in  the  process  of  shaping  each  compartment 
of  the  reservoir  was  used  in  the  construction  of  its  embankments.  This  material  consisted 
of  a  stiff,  coarse  earth,  of  excellent  quality  for  such  work,  but  full  of  small  stones  and 
boulders.  The  boulders  were  broken  up  and  laid  aside  for  paving.  The  small  stones 
were  also  carefVilly  removed — no  stone  exceeding  four  inches  in  diameter  being  allowed 
to  remain  in  the  earth  wliich  was  applied  to  the  construction  of  the  embankments. 

The  outer  embankments  are  twenty  feet  in  width  at  top,  which  is  situated  four  feet 
above  the  high  water  level  of  the  reservoir ;  the  division  embankment  is  fifteen  feet  in 
width  at  top,  which  is  situated  three  feet  above  the  same  water  level  ;  the  slopes 
outside  and  inside  arc  made  at  the  rate  of  Ig  horizontal  to  1  perpendicular.  The 
situation  of  the  puddling  and  puddle  wall  will  be  best  understood  by  reference  to  the 
cross  section  (plate  38).  In  embankment  the  puddle  wall  is  placed  in  the  centre  of 
the  bank  ;  it  terminates  at  two  feet  above  the  high  water  line,  and  at  that  height  it 
is  three  feet  in  width,  increasing  in  width  below  that  point  at  the  rate  of  one  inch  to 
the  foot  on  each  side.  On  those  portions  of  the  inner  slopes  which  rest  on  the 
natural  earth,  the  puddle  is  placed  upon  the  slope  twenty-four  inches  in  thickness. 
Where  the  natural  earth  ceases,  and  the  artificial  earth  work  begins,  it  is  carried  from 
the  face  of  the  slope  to  the  puddle  wall  already  mentioned,  situated  in  the  centre 
of  that  earth  work. 

The  puddle  consisted  of  a  mixture  of  the  earth  of  the  excavations  (selected  and 
fi-eed  from  stones  for  that  purpose),  and  of  a  stiff,  white  clay  found  in  the  neighborhood. 
The  amount  of  clay  required  to  form  reliable  puddle  will  vary  with  the  nature  of 
the  earth  mixed  with  it,  and  can  only  be  ascertained  by  trial  and  practice.  Too 
much  clay  is  as  objectionable  as  too  little.  The  puddling  material  used  here  wag  very 
excellent,  and  the  workmen  who  applied  it  were  of  the  best  description,  having  had  a 
previous  experience  and  training  in  this  kind  of  work. 

The  clay  was  first  well  broken  up,  and  thoroughly  mixed  with  the  right  proportion 
of  earth  ;  it  was  then  carried  to  its  place,  whether  on  the  bottom,  on  the  slope,  or 
in  the  centre  of  the  embankment,  and  laid  in  horizontal  layers  of  six  inches  in  thickness  ; 
water  was  then  appUed  to  each  layer,  and  the  gang  of  puddlers  proceeded  to  work  it 
with  their  .pades  and  feet  into  a  stiff,  heavy  paste,  which,  when  sufficiently  worked 
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was  allowed  to  set  before  tlio  applicntion  of  anothor  liiyor.  If  oxposod  too  long  to 
tho  sun,  it  will  ovor  dry  nnd  crack,  and  will  then  roiiuii'o  to  bo  ro<workod  before 
the  addition  of  aaothor  layer.  When  tho  workmen  ai'O  not  well  prncltHcd  iii  itA 
application  it  may  sometiuica  be  advisable  to  nibc  it  with  water  into  the  proper  uonMtHlenoy 
before  depositing  it  in  place,  but  in  that  codo  it  should  bo  well  ro-worked  in  poHiUon, 

It  is  important  to  its  value,  aa  a  wator<tight  dofonco,  that  it  should  always  bo 
damp,  and  in  this  consists  the  advantage  of  placing  it  in  the  centre  of  an  tnnbankinont 
wherever  it  is  practicable  to  do  so.  The  earth  work  of  each  piece  of  eniliuiikinont 
was  always  carried  up  simultaneously  with  the  puddle  wall  in  horixontnl  layom  of 
nine  inches  in  thickness.  Tlie  earth  was  delivered  upon  tho  embankment  tvoin  carts. 
Each  layer  was  repeatedly  rolled  over  with  a  heavy  iron  roller  to  oomproMs  the  earth 
08  much  as  practicable,  and  defend  the  embankmentii,  if  possible,  fVom  Hubtuiquent 
settlement  The  result  was  remarkably  satisfactory,  as  was  shown  by  the  test  levels 
taken  at  intervals  alter  their  completion.  Tho  lino  of  tho  paving  on  tho  nlopos, 
of  the  guard  fence  on  tho  top  of  the  inner  slope,  and  of  tho  top  surface  of  tlie  banks 
all  round,  sufBciently  attest  tliis  to  tho  eye. 

In  the  coustructiou  of  these  embankments  (as  should  be  the  case  with  all  important 
embankments  for  the  retention  of  water),  tho  work  was  intended  to  bo  done  in  a 
manner  which  should  render  the  bank  so  compact  as  to  bo  water-tight  independent  of 
the  puddle.  The  material  used  and  its  workniansliip  should  always  have  this  in  view. 
Tho  puddle  is  a  wise  precautionary  addition  intended  to  meet  unforeseen  defects,  and 
to  render  the  desired  result  certain. 

Tho  entire  bottom  of  each  division  of  the  reservoir,  after  having  been  graded  to 
the  proper  lines,  was  covered  with  two  feet  of  puddlo  in  tho  manner  already  (leftcribed. 
The  surface  of  this  puddle,  when  finished,  was  covered  with  a  thin  layer  of  gravelly 
earth.  The  bottom  in  each  case  has  a  fall  of  eight  inches  from  the  south  side  towards 
tho  drainage-pipes  of  the  cflluent  chamlior,  to  admit  of  the  entire  water  of  eltlier 
compartment  being  drawn  ofT  when  so  required  for  cleaning  or  repairs. 

On  the  completion  of  Uie  banks,  their  slopes  were  drcHsed  otT  to  tho  required 
inclination.  The  outer  slopes  were  then  covered  with  tho  reserved  soil,  and  seeded. 
The  inner  slopes  were  paved  with  dry  stone  paving,  tlio  stone  being  derived  ft-om  tho 
boulders  of  trap-rock  found  in  tho  excavations  and  in  the  vicinity.  This  pavement  was 
specified  to  be  twelve  inches  in  thickness,  laid  upon  a  bod  of  gravel  or  small  stones  and 
well  packed  and  pinned.  The  bed  was  directed  to  be  made  six  inches  thick — as  actually 
laid,  the  paving  was  nearer  eighteen  inches  thick  at  the  bott^>m  ;  on  the  upper  two 
thirds  it  was  rarely  twelve  inches  thick,  and  the  bed  of  small  stones  was  very 
inefficiently  applied  on  many  places,  and  at  some  points  all  but  omitted.  My  examinations 
^  made  me  aware,  of  these  shortcomings,  though  not  of  their  extent,  but  as  tho  limo 
necessary  for  a  complete  correction  of  tlie  work  then  would  proportionally  delay  tlio 
firet  delivery  of  water  to  the  city,  and  my  inexperience  in  this  kind  of  paving  interfered 
with  my  usual  caution,  it  was,  with  some  exceptions,  allowed  to  pass. 
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The  water  began  to  flow  into  the  reservoir  in  November,  1858,  and  continued  to 
rise  in  it  slowly  tlirough  March  and  April.  During  the  month  of  April  some  very 
severe  gales  occurred  when  the  reservoir  was  a  little  over  half  full  of  water.  The 
position  is  a  very  exposed  one,  and  on  the  south  side  the  waves  ran  four  to  six  feet 
up  the  slopes,  the  water  left  within  the  paving  as  the  waves  fell,  foUowing  behind 
with  some  velocity  and  carrying  each  time  a  portion  of  earth  with  it.  Tliis  left  pieces 
of  the  paving  without  support  and  it  settled  in  spots  three  to  six  inches.  "Whether  the 
paving  would  have  suffered,  had  the  work  been  kept  up  to  the  speciQed  requirements, 
cannot  now  be  known.  A  cci-tain  amount  of  settlement  of  the  paving  must  follow  the 
first  filling  of  any  reservoir  of  this  kind  ;  the  work  is  then  rammed  home,  and  if  of 
the  proper  character,  remains  afterwards  intact,  of  which  we  have  no  want  of  examples. 
I  will  not  pursue  this  matter  further,  although  it  was  much  talked  of  at  the  time,  and 
I  allude  to  it  at  all  mainly  in  the  interest  of  engineers. 

While  the  gales  referred  to  lasted,  the  paving  was  merely  watched  and  driven 
home  as  it  settled,  and  well  pinned  up  with  chips.  After  the  stormy  weather  had 
subsided,  we  proceeded  to  repair  what  was  amiss,  and  to  render  the  whole  work  of 
paving  secure  against  any  similar  contingency,  in  the  following  manner. 

One  of  the  compartments  of  the  reservoir  having  been  emptied,  gangs  of  men 
were  set  to  work  to  di-ive  home  the  paving,  to  bring  up  any  pieces,  that  had  settled 
irregularly,  to  the  correct  lines,  to  remove  all  the  small  stones  and  chips  of  the  pinning, 
and  with  small  iron  tools,  made  for  the  purpose,  to  withdraw  any  earth  lying  between 
the  stones.  This  having  been  done,  a  gang  of  masons  followed  these,  and  with  well- 
prepared  cementrmortar  filled  up  all  the  joints  and  openings,  working  it  in  with  their 
trowels,  and  pinning  it  at  the  same  time  with  the  chips  and  spauls  which  bad  been 
withdi-awn  by  the  first  gang.  This  operation  was  much  less  expensive  than  had  the 
paving  been  taken  up  and  relaid  in  mortar,  and  the  resxdt  has  been  very  satisfactory. 
The  workmen  were  directed  to  leave  open  joints  occasionaUy,  that  in  the  case  of  the 
reservoii-  water  falling  rapidly  any  water  lodged  behind  the  paving-stones  might  be 
able  to  follow  it 

After  our  experience  of  the  action  of  the  wind  on  this  reservoir,  and  my  examinations 
since  of  dry  stone  paving  upon  other  reservoirs,  both  here  and  in  Eui'ope,  I  should 
make  the  thickness  of  dry  paving  not  less  than  eighteen  inches,  and  lay  it  with  stones 
capable  of  close  work,  upon  any  reservoir  as  much  exposed  to  the  action  of  wind 
as  is  the  Ridgewood  reservoir. 

The  influent  chamber  is  placed  at  the  south  end  of  the  division  embankment,  and  the 
effluent  chamber  at  the  north  end  of  the  same  embankment.  Each  chamber  is  arranged 
to  communicate  with  both  compartments  of  the  reservoir,  or  with  either  compartment, 
at  wiU.  The  distance  between  the  two  chambers  is  1,215  feet.  The  water,  therefore, 
received  into  either  compartment  of  the  reservoir,  from  the  influent  chamber,  has  more 
than  tlus  distance  to  travel  (see  plate  38)  before  reaching  the  chamber  whence  it  is 
delivered  to  the  city,  and  during  its  imperceptible  progress,  as  regards  velocity,  between 
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these  two  points,  it  has  nmplo  time  to  deposit  my  sediment  with  which  it  mny  have 
been  charged.  But  as  it  very  raroly  hnppena  Ihiit  the  water  In  the  eonduit  or 
piimp-well  is  nflccted  in  this  way,  it  usimlly  renches  Iho  n»sorvoir  cU'ftr  na  spring 
water.  For  this  character  of  wotor,  two  divioioiis  iit  tho  reservoir  would  not  hiivo 
been  necessary,  as  providing  from  ono  to  tho  other  Tor  tho  intonnittoul  retention 
necessary  to  subsidence,  ono  compartment  would  hnvo  equally  satiHfled  tho  neoowiitioH  of 
tho  cnso  (IS  to  that  point ;  but  the  two  aro  necetutury  as  a.  moans  of  eloaning  and 
repairing  tho  reservoir  without  drawing  ofT  moro  than  half  of  ita  reserve  of  wator. 

The  influent  chamber  is  in  length,  twonty-eight  feet,  witltli,  nineteen  foot ;  tiiu 
bottom  is  situated  six  feet  below  high  water  of  tho  reservoir,  and  fuur  and  ii  half 
feet  below  the  centre  of  tho  mouth  of  tho  delivering  pipes.  From  thin  pool,  or 
chamber  of  water,  an  optMi  passage  communicates  with  the  western  divisiou  of  the 
reservoir,  and  another  with  the  eastern  division.  Kitlmr  of  those  paasagos  can  ho 
shut  ofT  by  flash-boards,  and  tho  whole  delivery,  in  that  ease,  thrown  into  tho  opposite 
division.  The  water,  flowing  through  these  paMages,  falls,  when  tho  reservoir  is  low, 
into  a  shallow  well  of  water,  placed  there  to  protect  the  paving  of  tho  slopo  iVom 
the  wear  of  the  falling  water;  thence  it  reaches  the  reservoir  over  n  briok  paving 
sot,  on  edge,  laid  in  mortar,  and  resting  on  tho  heavy  stone*work  of  the  foundations. 
A  portion  of  the  bottom  of  the  reservoir  is  paved  hero,  to  defend  tho  bottom  whon 
the  water  first  touches  it.  This  paving  is  of  stone,  laid  in  hydraulic  mortar.  Tlutw 
last  details  are  not  seen  when  tho  reservoir  is  fUU. 

The  masonry  of  tho  work  consists  of  granite,  carried  up  in  courses,  the  fucc-slonos 
being  cut  in  bed  and  build,  and  dressed  to  the  lines  of  the  work.  The  whole  Is  laid 
in  hydraulic  mortar,  composed  as  already  described.  The  drawitigs  will  give  the  details 
of  the  foundations,  &c.      (See  plato  39.) 

Tho  influent  chamber  is  largo  enough  to  receive  the  terminal  pipes  of  four  force 
mains,  being  the  number  necessary  to  deliver  the  waters  of  four  engines,  each  of  ten 
milHons  gallons  daily  capacity,  covering,  therefore,  tho  forty  millions  of  supply 
contemplated  in  the  design  of  these  works,  half  of  which  supply  is  provided  for  now, 
as  previously  mentioned. 

The  chamber  shows  but  two  delivery  pipes  now,  being  tho  mouttis  of  tho  force 
mains  in  current  use.  These  terminal  pipes  are  carefully  built  intr>  the  maM4>nry, 
the  back  of  which,  in  contact  with  the  earthen  cmhankmcnts,  is  careAilly  pudilk-d 
all  round,  this  puddle  being  connected  with  tho  puddle  of  iho  reservoir  A 
separate  piece  of  masonry,  situated  at  the  foot  of  tho  exterior  slope  of  tlie  hunk, 
holds  and  envelops  tho  mains  there  also,  and  secures  the  pipes  n-om  any  longitudinal 
motion  within  the  reservoir  grounds,  and  from  the  leakage  which  such  motion  might 
entaiL  An  inspection  of  the  slurp  inclination  upon  which  the  force  main  pipes  are 
laid,  below  the  reservoir,  will  show  the  risk  of  srjme  such  effect  being  produced  there. 

The  effluent  chamber  (see  plate  40)  is  arranged  so  as  to  connect  the  city  supply 
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mains  with  the  water  of  either  division  of  the  reservoir,  or  with  both,  at  convenience. 
My  object  waa.  in  both  chambers,  to  simplify,  as  much  as  possible,  the  connectiou 
of  the  mains  with  the  rcBcrvoir  compartments,  and  at  the  same  time  to  make  their 
pipes  easily  accessible  for  repairs,  complicating  as  Uttlc  as  possible,  under  such 
circumstances,  the  reservoir  works. 

The  water  space  of  the  effluent  chamber  is  connected  by  passages  eleven  feet 
wide,  with  the  two  divisions  of  the  reservoir.  A  heavy  granite  waU  is  built  across 
each  passage,  rising  to  the  same  level  as  the  top  of  the  reservob-  banks.  lu  each 
wall  there  are  four  openings,  the  two  lower  openings  being  3x3  each,  and  the  two 
upper  openings  3x4  each.  Iron  sluices  running  m  iron  slides,  faced  with  composition 
metal,  cover  and  control  these  openings.  From  these  sluices,  iron  rods  of  two  inches 
diameter  rise  to  the  top  of  the  work,  where  they  terminate  in  screws  and  gearing 
for  the  movement  of  these  sluices.  The  faces  of  these  iron  sluices  are  parallel ;— it  is 
evident  now  that  they  woidd  have  been  tighter,  hud  the  sluices  been  wedge-shaped, 
like  the  sluice-gates  of  ordinary  stop-cocks.  The  possibility  of  their  getting  fixed  in 
that  case,  induced  us  to  have  them  made  as  they  are. 

In  front  of  the  sluices,  towards  the  reservoir,  in  each  passage,  copper  wire  screens 
arc  placed,  twenty-two  feet  in  height,  to  prevent  fish,  leaves,  &c.,  from  passing  into 
the  effluent  chamber,  and  so  into  the  supply  pipes.  As  a  further  precaution,  a  screen 
of  similar  material  defends  the  pipe  mouth. 

Immediately  behind  the  effluent  chamber  proper,  but  connected  with  it,  there  is  a 
dry  chamber,  open  to  the  surface,  except  as  it  is  now  covered  by  a  moveable  iron 
roofing.     The  supply  mains  pass  through  this  dry  chamber,  and  it  is  here  that  the 
stop-cocks  of  these  mams,  and  the  stop-cocks  of  the  waste  pipes  are  placed.  Into 
the  granite  wall,  six  feet  thick,  separating  this  chamber  from  the  water  chamber,  the 
thi'oo  mouth-pipes  of  the  three  pipe-mains,  each  of  thirty-six  inches  diameter,  are  built 
in  place.     There  is  but  one  of  these  mains  in  use  now,  and  but  one  large  stop-cock 
in  the  chamber  at  present ;  the  mouths  of  the  other  pipe-mains  are  for  the  present 
closed  in  front.     Into  the  opposite  wall  of  the  stop-cock  chamber,  pieces  of  the  same 
sized  mains  are  built,  in  order  that  when  a  second  or  thiid  maux  is  required  to  be 
laid,  it  may  not  be  necessary  to  break  into  any  of  the  masonry.     In  the  same  chamber 
the  stop-cocks  of  the  waste  pipes  are  found.    These  waste  pipes  are  of  twelve  inches 
diameter,  and  communicate  with  each  diWsion  of  the  reservoir,  their  stop-cocks  being 
closed,  except  when,  in  the  course  of  drawing  the  water  off  either  division,  the  bottom 
is  desired  to  be  drained  off  thoroughly.    This  drainage  water  is  carried  by  a  twelve-inch 
pipe  to  a  pond  hole  on  the  opposite  side  of  the  turnpike  road.     The  mouths  of  these 
di-ain  pipes  are  outside  of  the  copper  screens,  as  will  be  seen  by  the  drawings. 

The  bottom  of  tliis  chamber  as  well  as  of  the  effluent  chamber  proper,  is  paved 
with  hai-d-burnt  brick,  set  on  edge,  and  laid  in  cement  mortar.  The  masonry  is  of 
blue  stone,  finished  with  couised  granite,  except  the  heavj'  foundations,  which  are  of 
rubble  work.    The  whole  work  is  laid  in  hydraulic  cement  mortar,  of  the  cliaracter 
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clsewlicro  described.  Tho  earthwork  of  tho  division  ciiibntikinentfi,  wlioro  it  comioota 
with  tho  masonry  waa  cftrefully  rammed,  and  tho  pmldlo  wall  of  tho  omlmiikmoiit  wiw 
widened  there,  so  as  to  cover  tho  wholo  space  between  tho  biittromsoa.  Tho  |mdiUo 
was  enlarged  in  the  same  manner  behind  the  wiilltt  of  the  infliicnl  oluunber. 

The  apparatus  for  moving  tho  shucos  is  proloetcd  by  a  amuU  Ituuao  built  over 
each  passage. 

The  paving  of  the  reservoir  slopes,  whore  they  meet  the  top  linos  of  tlio  banks  ia 
finished  by  a  dwarf  wall,  and  bluo  stone  coping,  upon  which  tlioro  is  placed  a  low  iron 
fence  to  keep  visitors  and  children  off  tlio  water  alopes. 

To  the  west  of  the  entrance  gate  of  the  reservoir  a  neat  houao  ia  built  for  tlio 
keeper  of  the  grounds.  The  reader  ia  referred  to  tho  de»igna  of  this  house  and  plan 
(plate  41).  It  is  neatly  constructed,  of  tho  materials  and  workmnitHhip  usual  in  thia 
class  of  house,  which,  as  having  no  special  relation  to  water  works,  it  is  not  thouglil 
necessary  to  describe. 

Within  the  engine-house  grounds  it  ahould  have  boon  mentioned  that  a  aimilar 
house  has  been  built  for  tlio  engineer  of  tho  pumping  enginoa,  of  lesa  arolntfictural 
pretensions  than  the  one  at  tho  reservoir,  but  equally  acrviceablo  an<I  well  built  (Soo 
plate  37.)  A  keeper's  house  also  exists  within  tho  Jamaica  pond  grounds,  but  thia 
house  was  there  when  tho  grounds  wore  acquired  for  the  works  ;  il  boa  ainco  boon 
repaired  and  made  serviceablo  for  tho  family  of  tho  peraon  in  charge  at  that 
stutioQ. 

PIPE  DISTBIUUTION. 

The  contract  provided  for  the  laying  of  tho  following  lengths  and  sizes  of  pijioa : 

3C-inch  mains   0  n»"loB. 

30  "       '*    6  " 

20  "       "    ^  " 

12  "       "    12  " 

g  .<    80  " 

e  «     H    ot  " 

The  hydrants  not  lo  exceed  eight  hundred.  Four  inch  pipea  were  uaed  to  connect 
the  hydrants  with  the  street  pipes  ;  the  aggregate  length  of  thcao  for  eight  hui.dred 
hydrants  depended  upon  the  widths  of  the  etreeta,  and  otiier  considerations,  and  could 
not,  therefore,  be  defined. 

The    stop-cocks    laid  with  these   pipes,   under   the   contract,   were   in  number 

as  follows  : 

3C-inch  stop-cocks   3  number 


30    "         "    ^ 
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8-inch  Stopcocks   in  number. 

g     n  «    402 

with   blow-ofis 

Qjjd   50  air-cocks. 

I  shall  confme  the  word  "  main "  to  the  pipes  of  twenty  inches  diameter,  and 
upwards.  These  large  pipes,  or  "mains,"  supply  the  pipes  of  twelve  inches  diameter 
and  under,  and  these  last  supply  the  water  takers,  by  means  of  "service-pipes" 
80  called. 

The  mains  are  never  allowed  to  be  tapped,  a  process  which  is  capable  of  sphttmg 
a  pipe,  a  contingency  that  very  rarely  occurs,  but  to  which  a  large  pipe  would  be  more 
exposed  than  a  small  one,  and  in  that  case,  besides  occasionmg  much  inconvenience,  it 
might  produce  considerable  damage. 

At  this  date  the  amount  of  pipes,  stop-cocks,  &c.,  laid,  is  as  follows  : 


Ab-coeki. 

6 

4. in 
5.929 
18.033 
38.035 
98.125 
0.348 

4 

8 
20 
105 
231 
G38 
8 

"12    "  "   

II  ^  II  « 

111.141 

1,014 

15 

50 

With  1,201  hydrants. 


There  has  been  no  increase  in  the  mains  since  the  contract  was  completed,  but  the 
increase  has  been  great  iu  the  small  pipes.  It  will  be  observed  that  the  extent  of 
tliirty-iuch  pipe  laid  is  less  than  the  contract  allowance,  while  the  extent  of  twenty- 
inch  pipe  laid  is  more. 

It  was  fovmd  desirable  to  connect  tlie  centres  of  Williamsburgh  and  Brooklyn  by  a 
twenty-inch  main,  imd  to  meet  the  increased  length  of  twenty-inch  pipe  which  this 
arrangement  rendered  necessary,  a  proportionate  reduction  was  made  in  the  weight  of 
tiiirty-inch  pipe  to  be  supplied  j  seven  hundred  and  fifty-nine  feet  of  thirty-inch  pipe 
having  been  exchanged  for  fom-teeu  hundred  and  fifty  feet  of  twenty-inch  pipe. 

At  this  time  the  "Water  Commissioners  had  no  power  to  do  any  work  except  through 
the  contractors  (Welles  &  Co.),  nor  any  power  to  exceed  the  expenditure  of  four  millions 
two  hundred  thousand  dollars  prescribed  iu  the  contract.    The  legislature  afterwards 
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gave  the  Commissionere  power,  witli  tlie  consent  of  the  Common  Council,  to  mako  «\iQh 
further  provision  for  hvying  pipes  ns  they  should  judge  nooossory.  Ami  it  (j«vo  thorn 
at  another  time  power  to  have  prepiirod  a  plan  to  govern  the  (icwi>ruK«  of  llio  city 
and  to  initiate  the  construction  of  tlio  requisite  sowers  under  tlmt  plan,  to  which  I  will 
recur  hereafter. 

In  tho  pipe  distribution  of  Brooklyn  the  task  of  the  Engineer  wiw  dirocled,  aa  woU 
m  hmitcd,  by  tho  following  clause  in  tlio  contract  spocifioiitions :  "Tho  chiiruotor, 
arrimgcment^  and  number  of  brauches,  and  other  appurteuanecs  heroin  provided  for, 
to  bo  determined  by  tho  practice  of  the  Croton  Aqueduct  Doparlmont,  and  tho  Coohituate 
Board  at  Boston,  with  such  modifications  as  local  circumstances  may  require." 

The  weights  of  the  pipes,  tho  number  and  character  of  tho  stopcocks  and  special 
castings,  were  thus  made  dependent  on  tho  practice  of  these  two  cities,  a  praetieo  which 
was  quite  as  much  noted  for  it«  differences  as  for  its  conformities.  These  coiitlitioiis 
prevented  us  from  going  far  wrong,  but  they  at  tho  same  lime  opened  a  largo  field  for 
debate  between  the  Engineer  and  the  Contractors  ;  the  results  of  tlieso  troiiblesomo' 
investigations,  however,  were  generally  creditublo  to  tho  fairness  of  tlio  Coiilriictors. 

In  plannijig  the  position  of  the  pipes  upon  tho  city  map,  I  gave  niy  uttontioii 
more  particularly  to  tho  position  of  the  largo  mains,  and  so  determined  them  as  to 
accommodate,  with  as  little  expenditure  of  small  pipes  as  practicable,  the  Oicn  centres 
of  the  population.  The  positions  of  tho  itmaU  pipes  and  of  tho  hydrants  woro  left, 
under  general  directions,  very  much  to  tho  judgment  of  the  Assistant  Engineer  in  charge 
of  the  pipe  drawings,  who  performed  this  duty  zealously  and  atteittivcly. 

The  points  which  required  the  most  consideration  in  this  connection  wore  tlie 
weights  of  the  pipes,  the  number  of  the  stopcocks,  the  character  of  tho  stopcocks 
and  hydrants,  and  the  number  of  extra  branches  which  should  he  laid  now,  o«pe<!ialIy 
in  the  suburbs  in  view  of  tho  future  wants  of  the  city.  A  small  alteration  In  any  of 
these  particulars  involves  a  considerable  saving  or  expenditure  of  money  when  tho 
materials  are  iron,  lead,  and  copper. 

In  the  cities  of  New  York,  Boston,  and  Brooklyn,  we  may  take  tho  differcnoo 
in  height  between  the  receiving-reservoir  and  tlie  mean  tide  in  each  caso  as  representing 
sufficiently  tho  extreme  pressure  to  which  any  of  their  pipes  can  Ije  subjected,  not 
including  in  this  the  ram  which  may  be  produced  by  accident  or  carclcssncBS. 

This  operating  head  of  wator  is  ob  follows,  in  round  numbers  : 

Kor  New  York   116  feet 

For  Boston   120  " 

ForBrookl)-n   170  " 

Tho  pressure  to  which  a  pipe  may  be  subjected  in  Brooklyn  exceeds  therefore  by 
fifty-five  feet  the  pressure  to  which  it  can  be  subjected  in  Kew  York,  and  by  fifty 
feet  the  pressure  to  which  it  can  be  subjected  in  Boston. 

To  meet  this  difference  in  head,  a  difference  in  strength  or  weight  of  pipe  l>ccamo 
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necc8Bar>'.  To  have  mcreased  the  weight  for  the  whole  city  would  have  been  unfair 
towards  the  Contractors,  and  unfair  towards  the  city,  as  initiating  a  system  of  pipe 
weights  which  iu  their  future  operations  would  be  likely  to  be  disregarded  as  being 
for  the  larger  half  of  the  city  unnecessarily  costly.  I  recommended,  therefore,  to  the 
Commissioners  tliat  two  classes  of  pipes  should  be  adopted.  The  first  class,  which  was 
marked  "A,"  to  be  made  applicable  to  all  of  the  city  situated  above  a  plane  one 
hundred  and  twenty  feet  below  the  receiving  rescrvou-.  The  second  class,  marked  "B," 
to  be  made  applicable  to  nil  the  streets  of  the  city  lying  between  this  plane  and 
tide-water,  and  subject,  therefore,  to  a  pressure  exceeding  one  hundred  and  twenty 
feet  of  head  and  not  more  than  one  himdred  and  seventy  feet. 

The  weights  of  pipes  in  use  in  various  cities  of  the  United  States  and  of  Europe 
were  obtained  and  collated  but  with  little  service  as  regards  any  governing  rule,  the 
practice  of  engineers  had  been  so  various  and  their  experience  in  hydraulic  works 
of  this  kind  so  comparatively  recent. 

The  weight  was  found  to  increase  with  the  head,  but  generally  in  a  greater 
proportion  than  the  differences  of  height  or  head  seemed  to  justify. 

As  regards  the  first  class  of  pipes,  the  extreme  pressure  upon  which  was  intentionally 
made  to  assimilate  closely  to  the  cases  of  the  cities  of  New  York  and  Boston,  the 
moan  weights  arrived  at  were  necessarily  foimded  on  their  practice. 

As  regards  the  second  class,  the  following  formula  was  used  to  assist  in  determining 
the  additions  in  weights  to  be  made  to  the  weights  of  the  first  class,  to  meet  the 
greater  strain  upon  the  pipes  of  the  second  class : 

c-p 

t,  being  the  tliicknoss  of  the  pipe  in  inches ; 

p,  the  prossuro  duo  to  the  head  of  water  in  pounds  per  square  inch  ; 
r,  tho  interior  rndiuB  of  the  pipe  in  inches ; 
C,  the  allowed  cohesion  of  the  iron  iii  pounds  ; 

X,  a  constant  added  for  defective  costing,  rust  or  life  of  the  pipe,  and  handling. 

In  Hodgkinson's  experiments,  cast-iron  broke  under  a  tensile  strain  per  square  inch 
variously  of  13,434  pounds,  14,525,  16.676,  and  21,907  pounds,  and  he  recommends 
tJiat  it  should  not  bo  loaded  or  strained  to  more  than  one  third  to  one  fifth  of  its 
breaking  strength. 

Our  iron,  so  far  as  we  liave  tested  it,  showed  a  higher  standard  of  strength  than 
the  average  of  tlio  above  figures,  and  besides  this  general  characteristic  of  American 
iron,  compared  wiUi  English,  both  as  regards  the  ordinary  qualities  of  either  cast  or 
wought  iron,  our  pipe  castings  camiot  meet  the  proof  to  which  they  are  subjected 
before  acceptance,  unless  the  iron  is  of  a  class  decidedly  superior  to  that  of  common 
castings. 

The  iron  of  our  pipe  castings,  so  far  as  tested,  bore  a  breaking  strain  of  20.000 
to  22,133  poimds  per  square  inch. 

In  the  foUowing  table  I  give  the  prevaUing  weights  then  in  use  at  New  York 
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and  Boston  ;  next  tho  weight  adopted  by  iis  for  Uio  "  A"  clnss  of  pipo»,  uml  noxl  iho 
results  of  the  aboro  formuln,  taking  tho  cohoaiou  of  iron  at  7,500  pouuda,  equal  Ut 
one  third  of  our  best  pipe  iron,  and  agoin  at  6,000  pounds,  equal  to  one  fourth 
of  our  ordinary  pipe  iron. 

Geuieys,  in  his  Btntement  of  the  weights  of  tho  Paris  pipos,  iind  tho  rule  by  which 
they  are  computed,  takes  x  at  0.39  inch.  In  the  lir«t  application  of  Uio  above 
fonnula  I  have  taken  it  at  0.<10.  In  tho  second  application  of  tho  furiiutia,  whoro 
0  is  made  equal  to  6,000  pounds,  x  ia  takou  as  follows: 

For  36-inch  pipes,  x  =  0.24  inch. 


(I 


30 
20 
12 
8 
6 
4 


"  =  0.26 

"  =  0.28 

"  =  0.32 

*'  =  0.33 

"  =  0.31 

"  =  0.36 


It 


Five  times  the  actual  pressure  {Bp)  is  applied  in  both  oosos  as  no  moro  tliau 
a  proper  allowance,  for  the  beat  or  ram,  caused  by  broaks  in  tho  pipes,  or  tho 
too  sudden  shutting  off  of  tho  water  by  stopcocks  or  hydrants.  Tliis  is 
the  allowance  made  by  Gonieys.     In  all  other  respects  tho  formula  is  Barlow'». 
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Du  MKTUt  or  Pits. 

PuavAiusu  Wciuim  at 

Adopt  ad  mbIkIiU. 
llniuklj'n. 
llMl  m  fmL 
CUm  A. 

WcltfbU  Vy  ForiDuU  fur  IVO  fwi  liMd, 
CbtMloii  UlMO  ■! 

DeatoD. 

H.W  ToA. 

S,000ll«. 

Ibi. 

lU. 

320 

180 

200 

106 

180 

885 

830 

830 

801 

803 

430 

488 

488 

700 

812 

080 

180 

160 

1,100 

1,851 

1,600 

1.410 

1,680 

8,000 

8,110 

8,000 

2,060 

3,600 

8.146 

8,000 

8,610 

4,046 

The  discrepancies  between  either  apphcation  of  the  fonnula  and  tho  common 
practice  aro  here  well  marked.  Both  applications  of  the  rule  show  tho  prevaihng 
weights  for  the  six-inch  pipe  to  be  too  great,  while  those  for  tho  twelve-inch  pipes  aro 
rather  light.  The  second  application  with  the  cohesion,  taken  at  6,000  pounds,  gives, 
on  the  whole,  the  safest  results,  and  rcsuIU  corresponding  as  near  as  could  bo 
exited  to  a  practice  founded  mainly  on  the  chance  judgment  of  practical  men, 
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unlimited,  apparently,  by  any  strict  reference  to  the  relative  strains  of  the  diflferent 
sizes  of  pipes.  This  application  requires  the  thirty-six-inch  pipe  to  weigh  4,045  pounds 
for  one  hundred  and  twenty  feet  of  head,  a  weight,  however,  which  we  could  not 
adopt,  the  contract  confining  us  in  this  respect  to  the  practice  of  the  cities  of 
New  York  and  Boston. 

Having  determined  by  that  practice  the  weights  as  above,  for  the  "A"  class  of 
Brooklyn  pipes,  I  used  this  formula  (the  results  of  which  are  given  in  the  above 
instance,  merely  to  enable  engineers  to  judge  of  its  reliability  for  the  purpose  in 
view)  to  obtain  the  additions  which  should  be  made  to  these,  to  get  reliable  weights 
for  the  "  B"  class  of  pipes,  exposed  to  a  head  of  one  hundred  and  seventy  feet,  as  well 
as  to  enable  me  to  show  to  others  that  the  additions  recommended  by  me  were 
reasonable. 

I  will  here  repeat  the  weights  of  the  "A"  class  of  the  Brooklyn  pipes,  and  place 
opposite  these  the  additions  required  by  the  formula,  or  the  differences  between  the 
formula  weights  for  120  feet  head,  and  for  170  feet  head;  and  in  the  fifth  column, 
will  show  the  weights  adopted  for  170  feet  of  head. 
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W«i|{bii  of 
CloM  A,  120  fMt 

Additiuns  rciinlrwi.  ai  psr  Formula, 
to  nukii  clou  K 

CIoM  B  pipe*, 
170  fpct  bead, 
WcighU  adopted. 

Cohuion  (akoD 
>t  T.GODlbs. 

Cohcuinn  taken 
at  b,m\\>t. 

lU 

lU. 

lbs. 

830 

26 

41 

360 

480 

41 

500 

680 

lOi 

158 

820 

1,600 

289 

430 

1,900 

8,000 

624 

95T 

3,100 

S.fiOO 

904 

1,314 

Our  weights  for  the  "  B"  class  of  pipes  were  much  complained  of  as  being  unwarrant- 
ably heavy ;  but  these  calculations  show  that  the  complaint  was  unreasonable.  There 
were  no  3G-iuch  pipes  required  of  the  "B"  class.  The  4-inch  pipes,  which  on  the 
Brookl^Ti  works,  ore  only  permitted  to  be  used  for  hydi-ant  connections,  were  all  made 
of  one  uniform  weight. 

Mr.  Neville,  in  the  new  edition  of  his  work  on  hydraulics,  published  in  1860 
g.ves  two  expressions  whereby  to  obtain  the  thickness  of  pipes;  but  they  neither  of 
them  correspond  with  our  practice  in  the  United  States.    They  are: 

(  =  .0024  (n  +  I0)d  +  .33-for  pipes  cast  horizontally 
(  =  .0016  (n  +  10)    +  .32-for  pipes  cast  verticaUy. 
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Mr.  Neville  gives  also  Uio  oquivalont  of  tliu  formula  wscO  by  M.  Dupulu,  Eiigiuoor 
of  the  Paris  wiUer  works,  viz. : 

i  =  .0016  ntf  +  .32  +  .013  (?. 
Thia  also  gives  results  much  below  the  weights  in  ubo  in  tlio  United  Statcit. 
In  these  expressions,  /  is  the  thickncfis  of  the  pipe  iu  Inohos ; 
n,  the  number  of  atmospheres  of  pressure,  taken  at  33  feet  oneh,  to  wliieh  Iho 

pipe  is  to  be  subjected  ; 
d,  the  diameter  of  the  pipe  in  inches. 

None  of  these  expressions  allow  sufficiently,  in  my  opinion,  for  the  dllTorenco  of 
head.  After  the  pipes  are  laid  in  the  ground,  provided  that  thoy  are  sound  when 
laid,  they  are  seldom  broken  except  by  the  ram  caused  by  the  haiity  shutting  of 
stopcocks.  We  have  many  instances  of  pipes  being  burst  ft-om  this  cause.  With 
100  feet  of  head,  tho  pressure  within  the  pipe  is  at  the  rate  of  -IS  lbs.  to  llio  scimiro 
inch  of  surface  ;  with  200  feet  of  head,  it  is  at  tho  rato  of  80  lbs.  per  H(iuaro  inch. 
When  a  wave  or  ram  is  brought  into  action,  it  bears  in  its  force  a  positivo  rolation 
to  these  pressures.  But  tho  above  formuloj  allow  very  little  additional  Uiicknoiw  for 
this  increase  of  head,  presuming,  apparently,  tliat  the  liberal  allowances  inherent  in  all 
pipe-castings,  for  the  contingencies  of  handling,  and  rust  or  life,  will  moot  in  largo  part 
the  other  case.  I  do  not  think  it  right  to  stretch  thcMO  allowances  to  otlier  tlian  their 
proper  appHcation — Uiey  are  none  too  much  now  for  the  duties  required  of  thorn. 
Tho  following  modification  of  M.  Depuis'  formula,  more  nearly  moot*  our  practice,  and 
allows  better  for  the  effect  of  difference  of  head.  It  gives  roiiulta,  howovor,  Bomowhot 
below  our  usual  weights,  but  results  that  under  the  late  improvoment«  in  coatings,  may 
prove  sufficient : 

t  =  BAn{M1Qd)  +  e, 

e  being  the  constant,  which,  in  this  expression,  must  vary  with  the  diameter  of  tho 

pipe,  as  follows  : 

For    6-inch  pipe   c  =  0.10  inch. 

For    8-inch  pipe   c  =  0.40  " 

For  12-inch  pipe   c  =  0.39  " 

For  20-inch  pipe   c  =  0.38  '* 

For  30-inch  pipe   c  =  0.37  " 

For  36-inch  pipe   c  =  0.36  " 

The  aggregate  lengths  have  akcmly  been  given  of  the  pipes  ta  be  laid  under 
this  contract.     These   were   aU  cast  in  1857  and  1868,  and   were  all  laid  iu  the 

years  1857  to  1859. 

The  pipes  were  caat  at  six  different  foundries — 

The  Conshoho<:ken  foundry,  Pa  S.  Colwell  k  Co. 

The  Florence  foundry,  N.  J  Jones  k  Co. 
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The  Warren  foundry,  Phillipsburgh,  N.  J. 

The  Lumbertoo  foundi-y,  N.  J  Irick,  Cole  &  Co. 

The  MiUville  foundry,  N.  J  R-  D-  Wood  &  Co. 

The  Phconix  foundry,  Ghisgow,  Scotland...  Thos.  Edington  &  Sons. 

Before  these  pipes  could  be  accepted,  they  had,  as  usual,  to  be  thorouglily  cleansed 
and  proved.    The  mode  of  proof  is  thus  stated  in  the  words  of  our  pipe  specifications : 

"  Every  pipe,  branch,  or  casting,  of  whatever  form,  shall  pass  a  carefid  hammer 
inspection,  under  the  direction  of  the  engineer,  or  his  inspector,  and  shall  be  subject 
thereafter  to  a  proof  by  water  pressure  of  three  hundred  pounds  to  the  square  inch, 
for  all  pipes  of  thirty  inches  diameter,  and  under,  and  of  two  hundred  and  fifty  pounds 
per  square  inch  for  all  pipes  exceeding  thirty  mches  diameter.  Each  pipe,  while  under 
the  required  pressure,  shall  be  rapped  with  a  hand  hammer  from  end  to  end,  to 
discover  whether  any  defects  have  been  overlooked." 

To  explain  more  fully  our  practice,  and  to  abbreviate  us  much  as  possible  what 
might  otherwise  be  said  here,  the  pipe  specifications  are  given  in  full  in  the 
Appendix. 

Although  that  practice  was  not  difierent,  except  in  the  water  proof,  from  the 
jiractice  prevalent  with  English  engineers,  whose  experience  in  these  matters  was,  at 
that  time,  more  extensive  than  ours,  nor  at  all  different  in  the  water  proof  from  the 
practice  in  the  United  States,  of  our  largest  cities,  and  best  engineers,  yet  the 
faithful  application  of  it  by  our  inspectors  met  with  much  complaint  and  objection 
from  every  foundry,  and  we  were  accused,  as  is  usual  in  such  cases,  of  unnecessary 
and  impracticable  nicety  iu  our  testa  and  examinations.  A  persistence,  however,  in 
oiu*  detennination  to  obtam  a  sound  and  reliable  character  of  pipes,  and  to  discard 
and  search  for  all  defective  ones,  led  gradually  to  a  change  and  improvement  in  the 
character  of  these  castings,  brought  about  partly  by  tlie  use  of  a  better  mixture  of 
metals  in  the  cupola,  and  partly  by  more  careful  manipulation  iu  the  moulding. 

Since  tbc  commencemeut  of  our  work  in  1857,  the  character  of  all  pipe 
castings  has,  from  this  and  other  causes,  been  in  some  respects  much  changed.  At 
that  date  the  practice  in  the  United  States  was  to  cast  all  pipes  below  twenty  inches 
diameter,  and  at  some  fovmdries,  includmg  tliose  of  twenty  inches  diameter,  horizontally 
or  with  the  moulds  lying  at  a  slight  inclination.  The  effect  of  this  mode  of  casting  was 
to  produce  pipes  of  a  variable  thickness  of  iron.  A  pipe  of  uniform  thickness 
tlu-oughout  was  very  rarely  obtained  by  this  mode,  though  the  irregularity  in  this 
respect  was  rarely  sufficieut  to  compromise  the  ability  of  the  pipe  to  meet  the  proof. 
But  the  knowledge  of  the  fact  inclined  engineers  to  make  the  pipes  so  much  heavier  ; 
Uie  tliin  portions,  though  sufficient  for  present  strength,  left,  in  that  case,  but  a  small 
margin  for  what  we  caU  the  life  of  the  pipe.  It  has  been  already  seen  that  in 
addition  to  the  thickness  of  iron  simply  necessary  to  meet  the  daily  working  strain,  a 
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considerable  atUition  is  aUvHys  intcuded  to  be  nmdo  lo  uioet  the  coiitingoncioa  of 
handling  and  durability.  This  important  addition  may  be.  and  onon  ih,  lost  hi  ofleol 
in  the  pipes  cast  horizontally.  In  pipes  coat  vertically  its  piVMonco  can  nlw»ys  bo 
depended  on.  It  is  not  the  interest  of  foundries  to  vary  their  procetwoii,  siieb  cluuigo* 
always  leading  to  present  outUys,  which  business  men  naturally  doairo  to  avoiil.  It 
ia,  therefore,  to  the  credit  of  the  managers  of  the  Warren  Foundry  that  they  pnimptly 
sympathized  with  my  desire  to  remedy,  where  practicable,  the  defoctw  in  tiuiformity  of 
thickness  of  our  pipe  castings,  and  were  the  first  in  our  country  to  cast  pipes  vertically 
of  diameters  below  twenty  inches,  ultimately  opplying  this  mode  auccossftdly  to 
six-inch  pipes. 

General  Meigs,  when  in  charge  of  the  Wnslungton  Water  Works,  as  well  oh 
the  other  engineers  of  the  country  connected  with  such  hydraulic  works,  lent  their  aid 
and  countenance  heartily  in  the  same  direction,  and  it  may  bo  said  now,  1  believe, 
of  all  our  foundries,  that  they  have  odopted  and  approved  the  improvement  indicated, 
and  have  all  but  discarded  the  old  mode  of  castinR  pipes,  except  for  tlioso  of 
eight-inch  diameter  and  under. 

At  the  Phoenix  Foundry,  in  Scotland,  pipes  of  all  diameters  wore,  at  this  time, 
(1857)  cast  vertically,  the  lorgcr  diamotors  in  twelve-foot  lengths ;  but  this  was  tho 
only  foundry  in  Great  Britain,  if  I  mistake  not,  that  at  that  time  extended  this 
practice  to  all  sizes  of  pipes,  a  practice  initiated  at  this  foundry,  and  connected  there 
with  a  patent  for  the  rapid  preparation  of  their  muulds  and  cores.  These  pipes 
were  at  that  time  used  by  Mr.  Batcman,  tho  Engineer  of  tho  Glasgow  Water  Works. 

The  inspection  and  proving  of  the  pipes  was  done  at  the  several  foundries.  An 
inspector  was  stationed  for  this  purpose  at  each  foundry,  and  each  foundry  procured 
or  supplied  the  necessary  proving  presses,  to  meet  tho  roquirements  of  the 
specifications.  Tho  Ashcroft  gauge,  tho  Allen  gauge,  and  a  mercurial  gauge,  wero 
variously  connected  with  the  presses  to  enable  the  inspector  to  ascertain  that  tho 
requisite  pressure  was  applied. 

In  English  practice,  the  hydraulic  proof  is  usually  limited  to  twice  tiio  lioiul  of 
water  that  the  pipe  may  be  subjected  to.  In  tlie  United  States  this  proof  w  extended 
to  at  least  four  times  the  extreme  head.  If  we  consider  the  ram  of  water  Ut  which 
tho  pipe  is  subjected  by  the  careless  shutting  of  stopcocks,  and  by  tho  rapid  shutting 
of  hydrants  at  fires,  our  proof  will  not  bo  found  to  bo  in  excess  of  tho  duty  required 
of  the  pipe.  In  testing  the  pipes,  however,  the  free  use  of  the  hand-hammor  is  tho 
surest  mode  of  discovering  defects.  The  water  proof  tries  the  general  strength  of 
the  iron,  and  will  often  expose  defects  which  the  first  hammering  of  tho  pijic  did  not 
happen  to  touch.  It  has  been  especially  serviceable  s<»metimc8  in  detecting  mixtures 
of  inferior  iron  used  in  tho  cupola,  without  the  knowledge  of  the  insiicctor. 

Mr.  John  H.  Rhodes,  who  acted  as  inspector  of  the  pipe  castings  at  tho 
Conshohocken,  and  afterwards  at  the  PhiUipsburgh  foundry,  besides  his  current 
duties,  interested  himself  specially  in  noting  tho  nature  of  the  dcfecls  usually  prevalent 
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in  pipe  castings,  and   the  extent  of  variation   in   thickness,   brought   about  by  the 
horizontal  mode  of  casting.     In  this  respect  he  rendered  valuable  service. 

In  boring  the  pipes  after  they  are  laid  (technically  called  tapping),  for  the  purpose 
of  conveying  Uie  water  by  small  service-pipes  U>  the  adjoining  houses,  a  certain 
thickness  of  iron  is  necessary  in  the  pipe  to  hold  the  brass  connection,  which  is  caUed 
the  tap.  To  msurc  a  sufficient  thickness,  belts  are  cast  on  the  street-pipes  of  twelve 
inches  diameter,  and  under.  These  belts  increase  the  thickness  of  the  pipe  where 
they  occur  about  three  eighths  of  an  inch.  The  pipes  are  tapped  only  at  these  belts  ;  were 
they  aUowed  to  be  tapped  between  the  belts,  the  iron  would  frequently  be  found  too 
thin  to  hold  the  tap.  In  many  of  the  pipes  cast  horizontally,  it  does  not  exceed 
one  fourth  of  an  inch  in  thickness  on  the  thin  side  of  the  pipe,  being  proportionally 
too  thick,  in  that  case  on  the  opposite  side.  This  defect  has  always  been  known  of 
that  class  of  pipes,  and  hence  the  belts. 

In  the  process  of  casting  pipes  vertically,  these  belts  cannot  well  be  introduced, 
and  hence,  for  all  pipes  cast  that  way,  they  are  dispensed  with.  At  first  view  this 
was  considered  objectionable;  but  it  is  found  in  practice  that  when  the  weight  of 
iron  allowed  tlie  pipe  is  unifonnly  distributed,  it  gives  a  sufficient  thickness  for  all 
the  purposes  of  tapping. 

The  introduction  of  pipes  of  twelve  feet  in  length  instead  of  nine  feet,  reduced 
the  cost  of  laying  by  reducing  the  number  of  joints  in  a  mile  of  pipes,  and 
to  that  extent  reducmg  the  amount  of  lead,  yarn,  and  labor,  required.  The 
Oi'st  twelve-feet  pipes  used  ui  this  country  were  those  sent  from  the  Phoenix  Foundry, 
Glasgow.  In  their  contract  with  that  fovmdry  for  pipes,  E.  S.  "Welles  &  Co.  ordered 
some  12-feet  lengths  of  thirty-six  inches  diameter  as  an  experiment.  The  Warren 
Foundry  very  soon  took  up  this  Improvement  and  extended  it  successfully  to  pipes 
of  twelve  and  eight  inches  diameter.  They  can  now  be  obtained  of  this  length  at 
any  of  the  prominent  pipe  foundries  of  the  country. 

The  letter  "A"  was  cast  upon  all  pipes  of  the  class  "A,"  and  upon  all  the 
special  castings  applicable  to  this  class  of  pipes.  The  letter  "  B"  was  cast  upon 
all  pipes  and  castings  of  the  class  "  B."  Each  pipe  was  beside  numbered,  the  number 
being  cast  upon  tlie  pipe.  It  sometimes  happened  that  pipes  which  had  been  rejected 
at  the  foundry  by  the  inspectors,  got^  notwithstanding,  accidentally  forwarded  to 
Brooklyn.  The  inspector's  relm-n  enabled  us,  by  Uie  numbering,  to  detect  these 
mth  little  difficulty. 

From  a  nmubcr  of  observations  made  by  the  Assistant  Engineer,  the  lead  used 
at  the  joints  in  the  laying  of  the  pipes  was  found  to  average  as  follows.  This  can 
only  be  considered  a  near  approximation,  as  no  record  was  kept  of  the  aggregate 
amoimts  of  lead  used  by  tlie  contractors  on  eacb  size  of  pipe. 

As  a  matter  of  curiosity  I  have  added  the  averages  of  lead  used  in  English 
practice,  in  the  cities  of  Edinburgh  and  Glasgow  in  1857,  as  furnished  me  by  the 
Engineers  of  those  cities,  Mr.  J.   Leslie   and    Mr.    D.   Mackain,    to   whom   I  am 
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otherwise  indebted  for  valuable  information  in  thin  connection,  very  obllRinRly 
communicated.  Tho  experience  is  abo  added  of  tbut  part  of  London  then  »nidor 
the  superintendence,  as  regards  water,  of  Mr.  Siinpson. 

AVERAGES  OP  LE.VD  USED  AT  THE  PIPE  JOINTS. 


LIID  PaiD  rU  JOINT,  IK  rOtTNM. 


DuynER  or  pipk. 

UROOKLYN. 

iDiKDrnan. 

auMow. 

LONDOIf. 

8 

6 

4 

8.60 

l.ftO 

7.60 

0.60 

10 

10.60 

10 

Ifl 

15,S& 

17 

10 

30.30 

31.60 

85 

68. SO 

60 

48 

66  to  T8 

60 

00 

no 

Some  cast-iron  pipes  have  been  used  since  1857  in  Great  Britain,  dispenAing  witli 
the  use  of  lead  calking  for  diameters  of  twelve  inches  and  under.  Tho  spiKoU  and 
sockets  of  tlie  pipes  are  in  this  case  turned  and  bored  for  about  half  tho  leiigllw  of 
the  sockets  so  as  to  fit  into  each  other  snugly  (plato  46).  In  tho  procciw  of  laying, 
Roman  cement  is  used  instead  of  lead,  laid  as  red-load  is  laid  on  tho  turned  portion 
of  the  joint,  tho  spaces  left  on  tho  remainder  of  tho  joint  being  filled  with  Uio  Mimo 
material.  Some  of  our  gas  companies  have  lately  used  pipes  of  this  character,  but  I 
am  not  aware  that  they  have  yet  been  appUed  in  the  United  States  to  water 
service. 

A  portion  of  the  pipes  received  for  our  works  from  Glaagow,  Scotland,  wore 
coated  with  a  preparation  of  coal-pilch  and  oil,  according  to  Dr.  Angus  Smith's  patent 
process.  This  protecta  the  pipe  from  rust  before  it  is  laid,  and  has  thus  fur  proved 
an  excellent  protection  ftom  rust  after  being  laid.  The  durabihty  and  suoccis  of  Uiiji 
process  has  been  tested  fourteen  years  in  England.  In  the  United  States  it  has  not 
been  anywhere  in  use  more  than  six  years,  the  first  pipes  prepared  in  this  way  having 
been  used  in  1858  upon  our  works.  Since  that  time  various  of  our  foundries  in 
New  Jersey  and  Pennsylvania  have  provided  the  proper  api>aratus  Ut  apply  Dr.  Smith's 
protective  process  to  the  pipes  cast  by  them,  and  the  cities  of  New  York,  Boston,  and 
Philadelphia,  besides  other  places,  have  lately  had  all  or  a  portion  of  the  pipc«  cast 
for  their  current  requirements  protected  in  this  way.  The  extra  cost  of  llie  application 
on  the  Scotch  pipes  was  one  doUar  twenty-five  cents  per  ton.  In  the  United  Sutes 
it  has  cost  from  one  doUar  twenty-five  oenU  to  one  dollar  fifty  ocnU  per  ton.  Soma 
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Of  the  arst  pipes  (thirty  and  thirty-BU-inch)  protected  for  the  Brooklyn  works  in 
thi8  way  may  now  be  seen  at  WilUamsburgh,  aird  some  lying  within  the  Ridgewood 
reservoir  grounds  ;  they  eonsist  of  pipes  held  in  reserve  for  accidents  or  repans,  and 
have  been  lying  out  of  doors  since  1857.  This  kind  of  exposure  is  a  very  severe 
tCBt  of  any  covering  of  the  kind. 

In  England  Dr.  Smith's  patent  secures  him  a  remuneration  for  his  application,  but 
in  the  United  States,  where  he  has  no  patent.  I  have  not  been  able  to  obtain  for 
him  any  compensation  for  the  use  of  his  process,  although  it  has  been  of  great 
value  to  us,  both  as  a  defence  of  our  iron  pipes  from  rust  and  as  a  defence  of 
the  water  from  the  discoloration  which  rust  at  times  produces. 

At  the  foundries  the  application  of  the  process,  as  it  involved  outlay,  met  at 
first  with  opposition,  and  therefore  any  promise  of  remuneration  from  the  foundry 
companies  to  the  inventor  was  out  of  the  question  ;  in  the  case  of  our  city  authorities, 
a  churn  of  this  kind  would  have  engendered  serious  opposition  to  the  use  of  this 
valuable  process  at  aU.  I  say  thus  much  apologetically  to  Dr.  Smith,  who,  notwith- 
Blanding,  furnished  me,  unconditiouully,  with  such  information  and  dii'ections  in  regard 
to  the  process  as,  in  conjunction  with  the  information  received  through  our  inspector 
at  Glasgow,  has  enabled  me  to  furnish  our  foundries  with  the  necessary  dii-ections 
for  its  successful  application  in  the  United  States.  The  condition  of  its  application 
to  pipes  will  be  found  attached  to  our  pipe  specifications  as  given  in  the  Appendix. 

The  tubercular  corrosion  so  common  heretofore  in  castriron  water  pipes  has  been 
made  a  serious  objection  to  their  use  as  conductors  of  soft  water  for  city  purposes  ; 
with  hard  water,  it  is  well  understood  that  this  kind  of  corrosion  does  not  take 
place.  The  cliief  objection  lu-ged  has  been  in  reality  the  least  important  in  practice. 
I  refer  to  the  asserted  vitiating  effect  of  the  tubercles  on  the  purity  of  the  water, 
and  incidentally  to  its  discoloration.  The  fii'st  effect  was  never  exhibited  except  at 
dead  points,  viz.,  at  the  termini  of  pipes  or  at  points  where,  from  whatever  reason, 
the  water  remains  for  a  considerable  time  motionless  ;  at  such  points  the  water  will 
after  a  time  become  stagnant  and  disagi-eeable,  whatever  be  the  nature  of  the  pipes 
employed.  The  discoloration  could  only  occur  when,  as  in  the  case  of  fii-es  or 
accidents,  considerable  velocity  is  engendered  in  the  pipes.  The  ordinary  velocity 
of  tlie  water  does  not  produce  a  sufficient  current  to  remove  the  tubercular  matter. 
This  objection,  although  of  rare  occurrence,  was  yet  of  a  nature  to  produce  dissatis- 
faction among  water-takers,  and  to  get  rid  of  it  altogether  was  very  desirable. 

The  most  serious  evil  produced  by  the  tubercular  corrosion  was  the  consequent 
reduction  in  the  interior  diameter  of  the'  pipe  and  in  its  delivery  of  water.  In 
small  pipes,  of  four  inches  diameter  and  under,  the  delivery  would  sometimes  be  reduced 
from  this  cause  more  than  one  half,  and  in  large  pipes  the  effect,  though  less,  was 
always  serious.  It  involved,  in  effect,  miless  corrected,  the  use  of  larger  pipes  throughout 
the  city  than  would  otherwise  have  been  necessary  to  meet  the  conditions  of  the 
service,  increa^g  seriously  in  tliis  way  the  cost  of  the  works. 
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The  life  of  the  pipe,  or  ita  durability,  wiu  not  so  much  afTootod  by  tuboruulur 
corrosion,  as  baa  been  asserted ;  the  tubercles  are  evidently  not  composed  oulindy  of 
what  we  call  rust  A  point  of  rust  forma  the  nucleus  or  origin  of  tin-  luborclo, 
but  the  matter  of  which  it  is  composed  seems,  in  largo  part,  to  ho  derivetl  IVom 
the  Cue  and  almost  imperceptible  sediment  floating  in  all  river  waters,  whoso  particles 
are  attracted  upon  the  tubercular  centres  by  some  action  which  wo  cannot  explain. 

Early  in  1857  the  attention  of  ihe  Water  Conunissioners  was  called  by  mo  to 
this  evil,  with  a  view  to  its  remedy  ;  and  I  was  authorized  to  inquiro,  by  advertising 
and  otherwise,  whether  a  preventive  could  bo  found  and  niodo  availublo  (br  our  pipo 
distribution.  The  subject  of  tho  defence  of  iron  from  runt  Im'I  for  nuxny  years 
engoged  the  attention  of  both  English  and  French  engim-ers,  more  particulmly  in 
connection  with  its  cflcct  upon  iron  ships.  The  British  Association  for  the  advancement 
of  Science  had  instituted  experiments  to  this  end,  and  two  reports  had  been  nmdu 
by  Mr.  Robert  Mallott^  tho  chairman  of  one  of  its  commiltocs.  Tho  result  of  our 
inquiries  was  the  receipt  of  a  number  of  communications,  offering,  in  vorious  ways 
(most  of  them  untried)  to  defend  our  pipes  from  corrosion. 

Of  all  these  proposals,  there  wore  but  two  which  could  bo  ontortainod  us  being 
known,  and  as  having  been  well  tried  by  years  of  successfVil  practice.  Tho  first  one 
of  these  had  been  used  in  France,  and  was  communicated  to  us  by  Mons.  nuulTo, 
civil  engineer  of  Vcsoul.  The  second  was  Or.  Smith's  patent  process,  already 
adverted  to. 

The  JVench  process  couBiHtcd  of  a  mixture  of  linseed  oil  and  beeswax,  applied 
at  a  high  temperature,  the  pipe  being  heated  and  dijiped  into  tho  hot  mixture.  In 
all  these  applications,  the  thorough  cleaning  of  the  pipe,  and  its  entire  freedom  from 
rust,  are  important  pre-requisites.  Linseed  oil  had  been  used  successflilly  in  Franco 
applied  to  the  pipes  under  pressure  by  means  of  a  hydraulic  press,  without  tho 
admixture  of  wax.  In  adding  the  beeswax,  Mons.  Lc  Bouflb  dispensed  with  tho 
hydraulic  press,  thus  simplifying  tho  process. 

I  have  little  doubt  but  that  this  prei)aration,  applied  in  this  way.  would  have 
proved  a  successful  protection  to  cost-iron  pipes,  and  place  entire  faith  in  Mous.  Lo 
Beuffe's  account  of  bis  successful  use  of  it  in  French  practice.  Tho  only  rciwotw  1 
have  to  give  for  recommending  Dr.  Smith's  process  in  preference,  are,  timt  I 
could  refer  to  a  number  of  cities  in  Enghind  where  it  had  been  Uitcd,  and  was  l>eing 
used  when  we  had  the  subject  under  consideration,  and  that  I  could  insUinoo  in 
support  of  its  use  the  experience  of  two  engineers  in  EngUnd,  of  high  sUnding  in 
hydraulic  works,  viz.,  Mr.  T.  F.  Batemun  and  Mr.  Robert  Rawliiison.  Our  exporienco 
does  not  enable  us  to  say  how  long  this  application  will  remain  intiurt  as  a  defence 
against  corrosion.  It  wiU  doubtless  lose  its  virtue  in  this  respect  aAer  tho  hipiw  of 
years,  and  the  lime  will  depend  partly  on  the  character  of  the  water,  but  more  on 
tbe  manner  of  the  application  of  thU  coal-tar  varnish.  Of  tluj  pipes  prepared  in 
this  way  for  Brooklyn,  and  Uid  in  our  streeU,  only  a  very  few  ca*»  have  occurred 
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-^^A      Tn  these  instances  the  pipes  have  been 
where  Uieir  condition  could  be  exammed.     In  these  msia  i 

found  in  a  very  clean  and  satisfactory  condition. 

The  formsld  dimensions  of  the  socket,  of  the  different  s.es  of  p.pes  w.U  b 
found  delineated  on  plates  43.  44.  45.  and  46.  a.  weU  as  specimens  o    the  spec.al 
castings.   Specimens  of  the  hydrants  and  stopcocka,  &c..  are  shown  on  plate  48.  To 
many  of  the  large  stopcocks  indices  were  attached,  to   enable  the    operator  to 
understand  the  position  of  the  valve  under  all  circumstances. 

In  the  return  already  given  of  pipes  laid  by  n.  S.  Welles  &  Co.,  there  are  included 
some  pipes  manufactured  and  laid  by  the  Patent  Cement  Pipe  Co.,  of  New  Jersey. 
The  Commissioners  authorized  the  laying  of  these  pipes  on  a  portion  of  the 
Williamsburgh,  or  eastern  district  of  the  city,  as  an  experiment.  This  class  of  pipe 
iB  as  well  known  now  in  the  United  States  as  the  cast-iron  pipe,  and  it  is  by  some 
preferred  to  it.  My  long  indisposition  has  not  permitted  me  to  watch  the  operation 
of  these  pipes  as  regards  their  alleged  advantages  or  disadvantages,  in  comparison 
with  cast-iron  pipes,  and  I  refer  to  the  authorities  in  immediate  charge  of  the  works 
since  their  completion,  for  this  kind  of  information.  These  cement  pipes,  however, 
have  been  largely  used  in  our  smaUer  cities,  and,  so  far  as  I  know,  have  been 
received  there  with  sufficient  satisfaction. 

The  lengths  and  sizes  of  cement  pipes  laid  are  as  follows : 

Of  20-inch  diameter  1.143  feet. 

Of  12-inch  diameter   1,573  feet 

Of  8-inch  diameter   993  feet. 

Of   6-inch  diameter  9,182  feet. 

The  pipe-yard  is  situated  in  Portland  avenue.  The  offices  and  the  wall  fronting 
the  avenue  are  built  of  brick  ;  the  rest  of  the  yard  is  enclosed  by  a  high  wooden 
fence.  The  sheds  for  the  pipe  presses  and  special  castings  arc  of  timber.  There 
are  two  proving-presaes,  furnished  by  Welles  &  Co.,  one  for  small  pipes  and  one  for 
large  pipes.  These  presses  were  pvirchased  by  the  contractors  hi  1858,  and  were 
copies  of  presses  then  in  use.  Like  all  the  presses,  however,  which  were  employed 
tlicn  at  the  diftorcnt  foundries  where  the  Brooklyn  pipes  were  cast,  it  has  been  foxmd 
necessary  to  alter  and  strengthen  them  to  admit  of  the  actual  application  of  the  pressure 
indicated  as  the  test  in  our  specifications.  In  this  respect,  I  followed  the  standard 
of  water  proof  which  had  prevailed  for  many  years  before  our  works  were  commenced  ; 
but  the  lever  gauge  which  was  then  used  in  connection  with  the  process,  was.  we 
have  reason  to  believe,  very  unreliable  in  its  indications. 

UOUKT    PBOSPECT  RESERVOIB. 

Of  that  part  of  tlie  city  of  Brooklyn  which  lies  to  the  south  of  Atlantic  street, 
a  certain  portion  is  atuated  above  the  level  of  the  Ridgewood  reservoir,  and  cannot 
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tlicrefore  be  supplied  except  by  a  tnippltiiuctttary  iiiiU  Kepitrato  iirruit^uinont.  Tliia 
highest  part  of  the  city  was  but  little  occupied  iu  1860,  whon  our  worku  ncra 
commenced.  To  meet  lis  Aituro  oocupaiioa  and  wants,  tho  oontraot  required  a  rosorvotr 
to  be  built  on  the  highest  point  of  tins  ground,  culled  Mount  ProKpeet.  Thin  re.-utrvoir 
has  been  named  the  Mount  Prospect  reservoir. 

It  is  supplied  with  water  by  a  pumping  engine  situated  on  Undorhill  avenue,  whono 
pumps  derive  their  water  from  a  branch  main  connected  with  the  tUirty-Hix  inch  nuiin 
from  Ridgewood  reservoir,  laid  in  Dc  Knlb  avenue. 

The  contract  requires  this  reservoir  to  have  a  copacity  when  IViU  of  not  lew  than 
twenty  miUion  New  York  gallons.  A»  built,  it  holds  wlieu  20,UStf,668  gallons, 
equal  to  2,664,679  cubic  feet 

Its  high-water  stands  one  humU-ed  and  ninety-eight  feel  above  tide,  or  in 
twenty-eight  feet  above  tho  high-water  of  Ilidgowood  reservoir  when  ftill  ;  the  depth 
of  water  is  twenty  feet. 

'I'lip  reservoir  grounds  cover  11.08  acres  ;  tho  reservoir  works  occupy  about  three 
quarters  of  this  ground. 

The  shape  of  the  rC8er\-oir  and  its  details  are  given  on  plato  61. 
The  embankments  are  twenty  (20)  feet  wide   at  top,  the   slopes   inside  atid 
outside  being  at  the  rate  of  one  and  a  half  horizontal  to  one  perpendicular. 

The  banks  were  carried  up  in  layers  as  in  tho  cane  of  tho  other  reservoir,  and 
each  layer  was  thoroughly  rolled  with  heavy  rollers.  The  puddling  nuitorial  was  pre- 
pared as  already  described,  tho  clay  in  tliis  case  being  obtained  in  part  from  New 
Jersey.  The  bottom  was  puddled  twO  feet  in  thickness.  In  tho  case  of  the  emhankments 
the  puddle  was  laid  on  the  face  of  the  interior  nlopes  ;  it  was  two  feet  in  thicknoHS. 
Upon  the  face  of  the  puddle  when  finiBhed  and  dressed  to  its  linos,  three  inches  of 
concrete  were  laid,  formed  from  clean  gravel  and  hydraulic  morlur.  Upon  tliis 
preparation  a  brick  slope  wall  wos  laid  eight  inches  in  thickness,  in  cement  mortar. 
The  lop  of  this  brick  slope  wall  is  finished  with  a  coping  of  blue  flogging,  upon  which 
a  low  iron  fence  has  been  placed.  Upon  the  surface  of  the  bottom  puddle,  lininlied 
oflf  80  as  to  have  a  fall  of  six  inches  towards  the  drain-pipe,  a  paving  of  brick  on  edge 
was  laid  dry,  and  afterwards  grouted  with  cement  grout,  in  terras  of  tho  contract 
requirements. 

The  outer  slopes  of  the  embankments  were  covered  with  soil  and  neatly  sodded. 
The  top  surfaces  of  the  embankments,  wliich  are  four  feet  above  high-water  of  the 
reservoir,  are  gravelled  for  part  of  their  widths,  the  remainder  being  sodded. 

On  the  north  side  of  the  reservoir  a  small  influent  chamber  is  built,  ten  feet  by 
six  feet  in  plan,  and  12.5  feet  in  depth.  (See  pUte  52.)  It  is  arranged  to  receive 
the  terminal  pipes  of  two  force-mains.  The  existing  force-main  of  twenty  inclies 
diameter  enters  this  chamber,  at  six  inches  above  the  paving.  The  waUjr  from  tlie 
main  rises  in  the  chamber  and  passes  thence  into  the  reservoir  by  a  30-inch  pipe, 
situated  at  its  high-water  line.    A  12-inch  pipe  placed  just  above  the  level  of  the 
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30-inch  pipe,  is  connected  with  a  eewer.  and  relieves  the  reservoir  should  the  pumping 

accidentally  be  carried  too  far. 

The  chamber  is  built  of  granite  laid  in  cement  mortar,  the  face  stones  coursed 
work,  every  stone  being  cut  in  bed  and  build  and  neatly  tooled  off  on  the  face  ;  the 
bottom  is  paved  with  stone  twelve  inches  thick,  laid  in  courses  ;  this  paving  rests  upon 
two  feet  in  depth  of  masonry  as  a  foundation.  The  walls  are  auished  off  mth  a  neat 
granite  coping,  and  the  chamber  is  covered  with  an  iron  fiat  roof.  All  the  work  is 
laid  in  cement  mortar  of  the  quality  already  described.  ^ 

On  the  west  side  of  the  reservoir  there  is  built  a  gate-house,  so-called,  over  the 
effluent  pipes  which  connect  the  water  of  this  reservou-  with  the  high  pipe  service  of 
this  part  of  the  city. 

When  the  pipes  pertinent  to  this  high  district  are  laid  and  brought  into  use,  the 
mains  will  be  shut  off  by  stopcocks  from  the  rest  of  the  city,  and  the  smaller  pipes 
will  have  no  connection  with  the  other  city  pipes.  At  present  the  only  main  laid  is 
connected  with  the  lower  pipe  distribution,  but  an  intervening  stopcock  controls  the 
conditions  of  the  connection  at  will. 

At  tliis  date  (December,  ISG-l),  the  Mount  Prospect  pipe  service  has  only  begun  to 
come  into  use  as  a  separate  semcc.  The  reseiToir,  however,  was  always  kept  nearly 
full  of  water  as  a  reserve  of  about  tlu-ee  days'  supply  in  case  of  any  repairs  being 
required  on  the  one  main  upon  which  the  city  depends  now  for  its  daily  supply  of  water. 
A  small  portion  of  this  water  was  allowed  to  flow  into  the  city  daily,  through  the 
conuectiou  aU-eady  mentioned,  just  enough  to  insui-e  the  movement  which  is  necessary 
to  purity,  as  well  as  to  maintain  the  pum ping-engine  in  constant  working  oi'der.  I 
will  add  here  that  a  branch  pipe  from  the  force-main  is  connected  with  the  effluent 
pipe  on  Flatbush  avenue.  By  this  means,  when  the  reservoir  requires  to  be  cleansed 
out  or  repaired,  the  pumping-eugine  can  pump  directly  into  this  high  service,  using, 
in  that  case,  the  influent  chamber  as  a  short  stand-pipe.  The  stopcock  on  this  branch 
is  kept  always  closed  except  in  the  contingency  adverted  to.  It  cannot  be  too  often 
repeated,  that  these  stopcocks  (of  paramount  importance  in  their  places)  cannot  be 
depended  on  when  required  to  be  used,  unless  they  arc  tried  at  least  once  a  month  and 
theur  fitness  for  immediate  service  constantly  tested  in  this  way. 

The  foi-m  and  size  of  the  house  through  which  the  effluent^pipes  pass  will  be 
understood  by  i-cference  to  the  plan  and  elevations  (plates  53  and  54).  It  is  placed, 
as  will  be  seen,  upon  the  outer  slope  of  the  embankment,  and  is  entirely  independent 
of  tlie  interior  slope. 

The  building  has  two  floors :  the  basement  floor  situated  two  feet  below  the 
bottom  of  the  resen-oir,  and  the  upper  floor  on  a  level  with  the  top  of  the  resen-oir 
embankments.  The  pipes  fi-om  the  reservoir  rest  upon  the  basement  floor,  and  the 
stopcocks  which  control  them  are  placed  there. 

There  are  two  pipes  leading  from  the  reservoir  ;  one,  a  thirty-inch  main,  for 
delivery,  the  otlier.  a  twelve-inch  pipe,  for  drainage.    In  the  case  of  this  reservoir. 
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these  pipes  pass  through  tlie  emlmukmont,  stipportod  on  briok  wtilla  At  Iho  joint*, 
and  bedded  in  a  body  of  puddle  ;  whoru  Uiey  onlor  the  walls  of  tlio  oniuent-ohaniluT 
tliis  puddle  is  carried  up  the  face  of  that  wall  to  the  top  of  iho  bunk. 

The  brick  eupporta  alluded  to  serve  also  ob  a  dofonco  n};aiuHt  leukngc  nlon(;  tho 
line  of  the  pipe.  At  tho  foot  of  the  interior  slope  of  Uio  reservoir  u  piece  of  miuiunr)' 
(plate  53)  is  built  to  receive  tho  mouth  of  tho  thirty-inuh  pipe  and  the  copper  BcroLMiH 
which  prevent  Gsh  from  entering  it. 

The  mouth  of  tho  twelve'iiich  drain-pipe  10  connoctod  iusidd  with  tho  wing  of 
tlie  same  piece  of  mRSonry  ;  this  pipe,  after  pHssing  through  to  tJio  oflluont  or 
stopcock  chamber,  is  connected  outside  with  one  of  tlie  street-sewers.  Tho  thirty-inch 
pipe,  after  entering  the  stopcock  chamber,  is  divided  into  two  twonty-inch  ■  niains. 
There  is  but  one  of  these  mains  laid  at  present,  tho  brunch  for  tho  other  being  capped. 
The  upper  chamber  of  the  gate-house  is  for  the  present  more  ornamentul  than  uiwHil, 
but  when  the  city  extends  over  this  quarter  some  valunblo  application  will  iloubtlcMs 
be  found  for  it. 

The  walla  of  the  basement-story  of  tho  building  are  built  of  granite  and  gtioiHC, 
laid  in  cement-mortar.  Tho  exterior,  where  it  is  not  covorod  with  earth,  is  of  coursed 
granite  neatly  cut ;  tho  floor  of  the  basement  chamber  in  which  the  pipes  are,  is 
flagged  with  four-inch  flagging. 

The  walls  of  the  upper  portion  of  tho  building  are  of  brick,  the  faces  being  of 
Croton  pressed  brick.  Tho  fVont  pillars,  quoins,  and  facings,  are  of  Jersey  sand-stono. 
The  mortar  for  this  part  was  made  from  Thomoston  lime  slaked,  one  sixth,  hydraulic 
cement,  one  sixth,  and  clean  sharp  sand,  four  sixths. 

In  all  respects  the  materials  and  workmanship  of  tho  building,  ila  flooring,  and 
roofing,  &c.,  inside  and  out,  are  good,  but  it  would  be  irrelevant  to  the  purpooe  of 
this  description  to  allude  further  to  their  details. 

The  grounds  connected  with  the  Mount  Prospect  reservoir  are  neatly  finished  oQ' ; 
an  iron  fence  encloses  the  whole,  with  an  entrance  gateway  and  stairs  on  Flutbush 
avenue. 

UODNT  PBO8PKCT  EKGINE-nODSE  AND  ENtilNE. 

The  reader  is  referred  to  plates  49  and  50  for  tho  details  of  this  cnginc-houso. 

The  engine-room  is  forty  feet  by  sixty  feet,  and  large  enough  for  two  engines  j 
the  boiler-room  is  forty  feet  by  forty  feet ;  tho  cool-shed  is  forty-ono  feet  by  thirty 
feet 

The  house  is  neatly  built  of  brick,  with  the  cxccpliun  of  the  foundations,  which 
are  of  granite.  The  facuigs  are  of  Jersey  sand-stone.  The  mortars  used  ore  of 
the  same  character  as  those  already  described  for  the  reservoir- house. 

In  determining  the  position  of  this  house,  or  rather  of  the  siibnidiury  pumping- 
engine  placed  there,  I  sought  in  vain  for  the  light  which  tlio  experience  of  others 
always  throws  on  engineering  dilBcultics. 
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This  pumpiflg-engme.  which  is  Bituated  in  the  heart  of  the  city,  does  not  receive 
ite  water  from  Ridgewood  reservoir  by  a  separate  main,  but  receives  it  by  a  branch- 
pipe  from  the  main  which  is  at  the  same  time  supplying  the  city  with  water.  The 
mass  of  this  water  is  aowing  into  the  city,  part  of  it  into  WiUiamsburgh,  and.  hke 
all  other  city  mains,  compUcatod  as  they  are  by  branches,  it  is  difficult  U>  ascertam 
the  varying  velocities  in  the  main,  or.  by  calculations  without  experiment,  the  available 

head  at  any  one  point. 

The  engine  might  have  been  placed  so  low  that  under  any  circumstances  the 
water  would  reach  it,  but  it  was  desirable  (while  making  it  safe  under  all  the  conditions 
of  the  service)  to  place  it  as  high  as  possible  in  order  that  its  force-main  to  the 
Mount  Prospect  reservoir  should  be  as  short  as  practicable.  The  general  conditions 
uiGuencing  the  height  of  the  position  were  these  : 

First.  The  length  of  mam  from  Ridgewood  reaervoir  to  the  point  on  De  Kalb 
avenue  at  the  crossing  of  "Washington  avenue,  where  the  branch  main  to  the  pumpmg- 
engiue  diverged:  26,062  feet  of  thirty-sLx-inch  main. 

Second.  The  length  of  branch-main  to  the  pumping-eugine,  dependent  upon  the 
position  of  the  engine-house,  as  now  situated  :  4,600  feet. 

T?md.  The  maximum  flow  of  water  which  might  prevail  in  the  city  main  while 
the  engine  was  pumping. 

To  interfere  as  little  as  possible  with  the  head  of  water  in  the  city,  the  engine 
at  this  date  pumps  only  during  the  night.  But  the  service  will  by-and-by  require 
that  it  should  be  at  work  during  the  day-hours  as  well.  The  maximum  flow  of  the 
city  main  was  therefore  necessai'ily  referred  to  the  flow  of  the  day-hours,  and  this 
was  based  on  the  initial  flow  prevailing  then  (November,  1858)  in  the  New  York 
city  mains  of  the  same  diameter,  found  by  experiment  to  be  equal  to  631,935  New 
York  gallons  per  hour,  taken  at  632,000.  This  was  the  initial  flow  assumed  for  the 
Ridgewood  main;  the  main  divides  at  a  point  15,637  feet  from  the  reservoir,  giving 
off  there  a  thirty-mch  branch  to  supply  the  WiUianisburgh  district  of  the  city  ;  after 
passing  this  point  the  redviced  flow  into  the  city  proper  was  taken  at  474,000  New 
York  gallons  per  hour;  the  distance  for  the  reduced  "flow  being  10,425  feet.  Both 
these  quantities  include  the  amount  applicable  to  the  pimiping-en^e  for  the  secondary 
service  imder  consideration. 

D>ur(Ji.  The  flow  of  water  through  the  engine-house  branch-main.  The  engine 
was  required  to  be  able  to  pxmip  at  the  rate  of  156,250  New  York  gallons  per  hour. 
With  tlie  branch-main,  however,  it  had  been  found  convenient  to  connect  two 
twelve-inch  pipes  delivering  into  the  city.  The  flow  per  hour  was  hence  taken  ab 
166,666  New  York  gallons  on  this  main ;  equal  to  5.92  cubic  feet  per  second. 

The  branch-main  is  composed  of  thirty-inch  pipe  for  a  part  of  its  length,  and 
of  twenty-inch  pipe  for  the  remainder. 
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A  diagrnm  of  the  poeition  of  these  mains  is  given  in  plate  1. 
These  several  data  are  given  in  the  following  tahlo  togctlior  with  the  rumilting 
calculations,  as  printed  iu  my  report  of  November,  1868 : 


LOCATIOH. 


ResoFToir  to  Do  Kalb  avoDuo 

Do  Kalb  avenue  to  Wash- 
ington nvenue   

Washington  aveouo  to  Pump 
well  


Length  of 
Pipe 
in  foot. 

Diameter 
of  Pipe  ID 

inckei. 

Rate 
of  flow  in 
Now  York 
gulluna, 
per  hour. 

Kaloorfluw 
in 

cubic  foot 
por  second. 

Oak-ulutot)  hvud  lu  pruJuoa 
Uio  giToo  flow,  by  tliu  rofiiiitl* 

K  —  0.00046740 (  V+  0.81)7) « 
a 

16,637 

86 

632,000 

8S.471 

SI. 160  root. 

10,426 

36 

474,000 

16.863 

13.6008  foot. 

3,000 

SO 

106,606 

6.0369 

1.4487  fuot. 

1,000 

20 

166,666 

6.0359 

4.3497  fwL 

80,663 

49.6107  fooL 

The  above  formula  is  derived  from  a  formula  of  irony's,  which  hoH  been  altered 
in  itfi  constants,  so  aa  to  correspond  very  nearly  with  the  result*  of  oxporimontii  made 
iu  July,  1858,  on  the  ordinary  deliveries  of  the  connecting  pipes  of  the  New  York 
reservoirs,  and  of  the  Jersey  City  reservoirs. 

The  maximum  flow  of  the  New  York  thirty-six- inch  main  in  1868,  which  wa« 
taken  as  my  guide  here,  was  even  then  in  excess  of  what  it  ought  to  have  been, 
consistent  with  the  maiutennnco  of  a  fair  Iieud  of  water  in  the  dwelliiig-liouHCii  and 
other  tenements  of  the  city.  The  citizens  were  then,  and  are  now  much  moro 
incommoded  than  is  at  all  necessary,  and  they  submit  to  the  inconvoniouoo  partly 
from  unwillingness  in  the  authorities  to  warrant  the  expenditure  in  additional  mains 
necessary  to  correct  the  evil,  and  partly  from  the  ignorance  of  thoBe  Buircring  from 
it,  that  it  is  within  the  reach  of  correction.  In  Brooklyn  wc  shall  fast  lose  Uio 
advantage  of  our  position  if  we  pursue  the  same  lino  of  inaction. 

I  have  taken  the  liberty  of  saying  thus  much  in  this  place,  bccauMo  although 
my  calculataona  in  reference  to  the  Mount  Prospect  engine  were  predicaUjd  on  tJio  New 
York  flow  in  practice  in  1858,  I  am  now  conscious,  and  in  tliia  rc«iMict  have  the 
concurrence  of  Mr.  Craven,  the  engineer  of  the  New  York  works,  that  it  is  not 
advisable  to  allow  this  velocity  of  flow  to  be  reached,  productive  as  it  ia  of  a  greator 
waste  of  head  than  the  wealth  and  importance  of  the  place  jmtlty.  The  rate  of 
632,000  gallons  per  hour  gives  a  day  velocity  of  3.17  feet  per  second  within  the 
pipe  at  its  origin,  whereas  the  initial  velocity  should  not,  in  my  opinion,  bo  permitted  U> 
exceed  two  feet  per  second.  In  the  Brooklyn  main,  at  this  dat«  (OctoU-r,  1804),  it 
has  reached  a  rate  of  2.64  feet  per  second. 
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Th«  formula  us.d  iu  the  table  given  above  is  different  from  the  formulas  of  the 
books  in  that  it  takes  into  account  the  loes  of  head  due  to  tubercular  corrosion  withm 
the  pipes.  With  hard  wat«r  this  effect  is  not  produced,  except  in  a  very  unimportant 
degree  a«  the  experience  on  the  London  pipes  shows,  but  with  soft  water,  unless  the 
pipe,  are  protected  from  corrosion,  the  flow  of  water  in  a  given  pipe  .s  ser.ously 
reduced. 

In  our  case  the  water  i«  quito  soft,  and  the  pipe  mains  were  not  protected 
with  the  exception  (as  an  experiment  then)  of  a  few  of  the  pipes  imported  from 
Scotland. 

The  usual  formula)  applicable  to  the  flow  of  water  through  pipes  are  based  on 
experiments  on  clean  pipes.  There  was  then  no  formula,  that  I  am  aware  of.  that 
aUowcd  for  the  evil  referred  to.  To  have  used  the  usual  formula  would  have  led  me 
astray  by  giving  a  loss  of  head  less  than  would  have  been  experienced  in  practice, 
thus  placing  the  position  of  tlie  engine-house  above  the  point  where  the  Bow  under 
the  ultimate  conditions  of  the  service  could  reach  it. 

We  knew  then,  from  inspection,  that  the  New  York  36-inch  mains  were  heavily 
luberculated  ;  and  we  know  now  that  the  Brooklyn  pipes,  where  they  are  not  coated 
with  pitch,  are  tubcrculated  in  the  same  way,  and  from  the  same  cause,  the  passage 
tlurough  them  of  soft  water. 

The  corrections  to  be  made  on  any  calculations  based  on  the  formulas  for  clean 
pipes,  covUd  only  be  ascertained  satisfactorily  by  an  experiment.  The  Croton  water 
works  presented  a  good  opportunity  for  such  an  experiment,  as  did  the  formation  of 
the  Jersey  City  water  works.  In  the  cases  of  both  these  works,  the  engineers  in 
charge  of  them,  Mr.  A.  W.  Craven  and  Mr.  George  H.  Bailey,  permitted  me  to  make 
the  necessary  use  of  portions  of  their  works,  and  rendered,  besides,  important  assistance 
during  the  trials. 

The  conduit  of  the  Croton  works,  as  then  existing,  delivered  the  water  into  what 
is  called  the  receivmg  reservoir  (See  plate  58).  From  the  receiving  reservoir,  two 
mains,  each  of  thirty-six  inches  diameter,  carried,  the  water  into  what  is  called  the 
distributing  reservoir,  11,217  feet  distant.  From  the  distributing  reservoir,  two  pipes 
of  thirty-six  inches  diameter,  continued  the  flow  into  the  city. 

At  the  receiving  reservoir  there  were,  besides,  two  30-inch  pipes  connected  with 
the  city,  but  the  stopcocks  of  these  pipes  were  closed  during  the  experiment. 

To  make  the  experiment,  the  conduit  gates  were  closed  so  that  no  water  passed 
into  the  receiving  reservoir.  No  water  was  allowed  to  pass  out  of  it  except  through 
the  two  36-inch  pipes  aforementioned,  and  all  the  water  passing  through  these  36-inch 
pipes  entered  the  distributing  reservoir.  The  amount  of  water  so  passing  out  was 
asccrtaiucd  at  the  recei\ing  reservoii-  by  the  falling  of  the  water  there,  measured  upon 
proper  gauges  placed  in  still  water.  The  head  of  water  expended  on  this  flow  was 
tKe  difloTOuce  in  level  between  the  water  of  the  receiving  reservoir  and  the  water  of 
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the  distributing  reservoir,  ascertained  by  aimuUnncouB  obBcrvntions  made  at  Uio  two 
places  couuectcd,  and  by  leveling  between  their  two  nitsiimod  zerua. 

The  experiment  in  the  ease  of  the  Croton  reaen'oirs  wa»  made  under  (ho  innni'diato 
direction  of  Gen.  George  S.  Greene,  then  in  charge  of  the  works  of  the  nuw  reservoir. 
The  same  experiment  was  carcMly  repeated  in  1869,  with  like  reHults. 

On  the  Jersey  City  works  there  are  two  reservoirs — ^tlio  BelleviUo  rosorvoir  nnti 
the  Bergen  Hill  reservoir  (see  plate  68).  These  resorvoim  woro  connected  in  1858  by  a 
20-inch  imiin  29,716  feet  in  length.  The  BoUoviUo  rosorvoir  ia  fbd  fVorn  Uto  Piuwaio 
river  by  a  pumping-engine.  During  the  experiment  in  this  caw,  the  piimping-engino 
did  not  work,  and  the  water  flowing  through  the  pipe  was  known  by  caKniluting  tlio 
amounts  due  to  the  falling  of  the  height  of  water  Ui  the  rettorvoir.  The  head  cxpeinhtd 
was  the  difference  in  the  heights  of  the  surface  water  of  the  two  reservoirs,  aseerlainod 
by  leveling  between  them,  and  by  Bimultanoous  obsorv-ations  during  Ihu  trials.  Tliis 
experiment  was  conducted  by  my  assistant,  C.  W.  Boynton,  by  whom  Uio  euloulutiuiw 
were  principally  made. 

The  conditions  of  these  experiments  will  be  found  stated  more  at  largo  in  the 
Appendix.  In  the  following  two  tables,  I  givo  tlie  results,  and  have  added  for 
comparison  the  velocities  us  well  as  the  required  head  which  the  usual  fornudai  of 
the  books  would  have  given  me.  It  will  bo  seen  that  by  reason  of  tlio  ttibcrculation, 
&c.,  the  head  expended  to  produce  the  given  flow  was  much  in  excess  of  the  usual 
results  of  calculation,  varj-ing  in  this  respect  with  the  diameter  of  the  main.  In  my 
calculations  to  ascertain  the  head  of  water  lost,  which  Bhould  del«rmino  the  poHjtion 
of  the  Mount  Prospect  engine-houso,  the  formula  used  was  drawn  ft-om  the  results  of 
these  experiments.  Since  these  experiments  were  made,  M.  Darcy,  a  French  onginoor, 
has  published  the  results  of  his  researches  on  tho  flo^v  of  water  through  diflbroDt 
characters  of  pipes,  including  the  case  of  corrosion  and  tuberculalion.  His  corrections 
agree  very  nearly  wiUi  the  experimental  results  above  mentioned. 
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TABULAR  8TATK«E.T  rs  KBOARD  TO  TUB  KXPKKtMENT.  UPON  TBE  NEW  TOOK  .OINB. 
Jfcin  6d^.n      Receiving  B^ervoir  and  the  Distributing  Reservoir.) 
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F  EXPERIMENTS  UPON  THE  20.INCB  MAIN  OF  THE  JERSEY 
:iTY  WATER  WORKS. 
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«      <  1  Ti    fi«.      the  Now  York  maim.  h«i  tJireo  q«art«  circle  curvcB  of  90  foot  nidiufl,  whicl,  aro  (nkoD  into 
^00  Jrit  lilU.^  ?LTr.X  eal^edV  .  distance  of  128  foot,  to  24  inc.o«  diameter ;  aUow.ce 

taiBodo  in  thooJcuhtion  for  thiionlargmoot.  and  the  curve*  m  the  p.po. 

,M  The  formula  (I)  i«  m.A  oiOv  a«  an  oxpon.nt  of  tho  oxporimontaJ  delivery  of  the  first  «ochon  of  U«  New 
YoA  1  oTt^Slcry  byo-^enment  of  the  Wy  City  main,  to  make  a  convoment  appbcaUon  of  tbc.r 

gcnortl  rtBuJta  to  a  niuiilor  ooao  in  Brooklyn. 

FORMULAS  USED  IN  TABLE. 
(A.)  HawkMley'8  h  =  0.0004338027  ^^i^M^ 
m.)  Prony'e  (2)  ft  =  0.00040085  ^  [( V+  0.1641 2). -0.02375]. 

(U  Erpw-ing  the  mean  r«ult  of  tbo  Now  York  and  the  Jor»oy  City  oxperimcnta  ft  =  0.00046749  -§  {F  +  0.397)" 

Where  V  —  vdooit^  in  feet  per  aecond. 
A  =  the  head  in  feet. 
d  =  diameter  of  the  pipe  in  feet 
L  =  length  of  the  pipe  in  feet. 
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Th«  foramln  which  Tcry  cIo*.Iy  «iprMM>  tho  mnlli  of  th.  New  York,  kod  Ibe  m»«.  of  lU.  J.wj  Ciiy  •ij-riiu.ota  to 

«  =  40.S502|/-^-0J97,whonooA=0,00O40740-a(«  )  0.a97)» 

FOUMUI^  CSED  IN  TAULK. 

(A.)  Hawkcdoy-a  u  =  48.0136^' 

Soe  CiTil  Eng.  and  Aichil«t«'  JoonuJ.  fol  t»iiL.  p.  09,  lint  88. 

(B. )  BUckwoU  a.  o  =  47. 91 3  .    Till.  fonnuU  Ukc^  into  ««mnl  the  cnrrea  of  lb-  I'tpe- 

Soo  HnghcM  on  Watirr  Worka,  Ponnola  (33>  P-  >30. 
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(D.)  Pronj-*  (2),  t»  =  |/ (}4«4,fl0       +  O.OM7B)-0.1MI1 
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I  will  here  give  M.  Darcy's  formula  for  tuberculated  pipes,  derived  from  his 
experimental  investigations  on  aU  conditions  of  pipes,  already  referred  to.  I  give  it 
as  it  has  been  reduced  to  the  unita  of  the  other  formulas  given  in  these  tables  : 

1  0.00061812  +  0.00005176 
\  ^ 
This  formula  has  been  simplified  by  Mr.  Lane  into  the  following  shape,  which  la 
identical  in  value  with  the  above  : 

Say, 

This  formula  is  of  more  general  application  than  the  modified  formula  given  with 
our  tables,  which  was  not  sought  to  be  made  applicable  much  beyond  the  limits  of  the 
experiments  by  which  it  was  determined. 

A  simpler  formula,  and  sufficiently  correct  for  ordinary  purposes,  is  the  following, 
derived  by  Mr.  Lane  from  those  given  above  : 


F=40 


There  ought,  however,  to  be  Uttlc  occasion  for  the  use  of  such  formulas  hereafter, 
now  that  we  possess  a  knowledge  of  more  than  one  mode  of  defending  cast-iron  pipes 
fi-om  tubercles  and  rust. 


net. 


Recurring  to  the  first  table  given  and  the  results  of  its  calculations,  we 

have  as  the  head  lost  at  Mount  Prospect   49.5 

To  this  I  have  added  for  the  effect  of  the  various  branches  on  the  main, 

as  gathered  from  another  experiment   10 

59.5 

The  high-water  of  the  Ridgowood  reservoii'  stands  169.7  feet  above  tide. 
The  reservoir  cannot  always  be  kept  full,  but  it  was  assumed  that 
would  rarely  sink  below  164  feet   164 

Deduct  head  lost  as  above   59.5 

104.5 

And  wo  have  104.5  as  the  height  at  which  water  would  stand  in  the 
well  of  tlie  engine-house  under  the  extremes  of  the  service.  Call 
tlie  floor  of  engine-house  above  the  well  15  feet   15 

And  we  have  as,  the  height  of  the  engine-house  floor  above  tide   119.5 
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The  floor  of  the  eugiue-houso,  ns  now  built^  stands  121.9  nbovo  tide. 

For  the  class  of  engine  which  hna  been  built  no  well  wuh  requiiiito,  but  for  tho 
Comiah  engine  contompliitod  in  tho  contruct,  a  well  would  hiive  been  a  moiuuru  of 
aafely,  na  defending  it  from  the  hourly  variationH  of  head  (tbs«rvublo  in  llio  r<iuliuo 
city  service. 

Until  there  exists  in  tho  city  main  the  miLXimum  (low  of  water  allowed  in  the 
above  calculations,  we  shall  not  be  able  to  know  how  nearly  they  may  upproxinuitu 
to  the  reality.  We  have  the  means,  however,  of  judging  of  tlio  probable  result,  by 
using  Mr.  R.  W.  Hamilton's  observations  of  the  pressure  on  tho  supply-main  during 
the  17th  and  18th  of  February,  1863,  when  tho  engine  wiia  pumping  during  the  day 
as  well  as  during  the  night. 

There  ia  an  Ashcrofl  gauge  in  the  engine-room  connected  by  a  siimll  tube  with 
the  supply  or  induction-main.  The  gauge  stands  at  eleven  and  a  hiilf  feet  above  (he 
pump  bucket  at  half  stroke,  and  tho  position  of  half  stroke  is  one  hundred  and  ton 
feet  above  moan  tide.  Its  readings  during  the  day  hours,  converted  by  mo  into  fmt, 
and  referred  to  the  centre  of  each  pump  as  above,  were  as  follows  : 
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The  consumption  of  water  in  the  city  was  at  its  maximum  at  10  a.  u.  on  that  <lay, 
and  the  variations  in  its  pressure  accord  with  tho  variatioiw  in  consumption  forenoon 
and  afternoon.  The  occurrence  of  a  fire  in  the  city  would  account  for  the  low  prc«un) 
at  10  A.  u. 

From  a  record  kept  of  the  amount  of  wotcr  winsumcd  each  month,  I  find  that 
during  the  month  of  February,  1863,  the  average  daily  cofisumption  wu  6,688.200 
New  York  gallons. 

From  experiments  made  by  Mr.  Lane  in  May.  1804,  to  which  I  wiU  again  refer, 
wc  have  the  means  of  getting  very  nearly  the  proportion  of  tho  twenty-four  hours' 
consumption  which  belongs  to  the  hours  of  daylight.  From  these  daU  Uie  rtow  [«r 
hour  from  Ridgewood  reservoir,  assumed,  for  the  17th  February,  1888,  to  be  erpial 
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to  the  average  of  that  month,  is  found  to  be  34G.170  gaUon«.  AUowing  as  before 
one  fourth  of  this  to  bo  drawn  off  by  the  WUliamsburgh  branch,  there  remam 
259  628  gallons  flowing  to  Brooklyn  proper. 

To  both  of  those  quantities  there  is  to  be  added  the  additional  flow  of  th.« 
particular  day.  caused  by  the  working  of  the  pumping  engine,  taken  at  110.000 
gallouB.  From  these  data  the  leading  quantities  in  the  foUowing  table  are  made 
up  ;  the  other  agiirca  are  sufficiently  explained  in  the  table. 

TABIE  ILLUSTRATIVE  OF  THE  PRESSmtE  AT  THE  PUMP  WELL,  DUE  TO  THE  FLOW  OF  WATER  IN 
TAItLL  II-LUSTRATr™  ^OF^  i^il>->^  ^^^^  BRANCHES  ON  FEURUARY  17,  1863. 


I'OSmONS  OF  MAIN. 


Ridgc'wood  Reservoir  to  l)o  Kttlb  avenue. . 
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A  =  0.00040719^  (o  +  0.307)« 


2.294 
1.995 
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Wo  oddod  10  foot  before  for  tho  effect  of  branclios  ;  add  at  this  stage  of  the  works 
8  foot  

This  pivos  35.298  oa  the  head  lost  at  this  date,  by  calculation, 
On  the  nth  Fobniary,  1863,  the  water  in  the  Ridgewood  Reservoir  Blood  above 
tide  at  


n.653 
9.295 
1.886 
0.464 


29.298 


35.298 


165.87 


130.572 


We  have  thus  130.572  as  the  calculated  height  to  which  the  water  would  have 
risen  at  the  Mount  Prospect  engine-house  during  the  day  hours,  with  the  engine  pumping. 
Tho  actual  condition  of  the  water  on  that  day  as  observed  by  the  Ashcroft  gauge, 
showed  between  tlie  houi-a  of  8  and  11  a.  m.,  one  hundred  and  twenty-nine  and  a  half 
feet  as  the  height  to  which  the  water  would  have  risen  in  an  open  tube,  except  at 
10  A.  w.,  when  the  height  indicated  was  one  hundred  and  twenty-six  feet.  For  three 
hours,  then,  of  that  day's  pviniping.  it  would  have  stood  at  one  hundred  and  twenty-nine 
and  a  half  feet  or  below  it.  Tliis  is  as  close  a  confirmation  of  any  calculation  which 
tljo  nature  of  the  case  admitted  of,  as  I  coidd  have  expected. 

1  have  referred  to  some  observations  lately  made  by  Mr.  Lane  to  ascertain  the 
relative  consumption  of  water  witliin  the  city  during  the  day  hoiirs  as  compared 
with  the  night  hours,  and  of  each  as  compared  with  any  average  of  the  twenty-four 
hours  (6  A.  u.  to  G  a.  m.)  constituting  a  day. 

The  observations  were  made  hourly  at  the  Ridgewood  reservoir  and  the  Ridgewood 
pvmiping-cngines  conjointly,  between  tho  24th  and  30th  days  of  May,  18G4,  and  from 
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the  diitn  thus  obtained  the  hourly  (low  into  tho  oily  was  Cttlculatoil.  Tlio  Mount  rroBpool 
pumpiug-engino  was  not  working  during  thiti  time. 

The  detiiils  of  these  observations  will,  I  presume,  bo  given  by  Mr.  Uam-  in  hi» 
yearly  report  to  the  new  Board  of  Water  CoinininsionorB.  I  give  hen)  ti  iiynopiiiii  of 
the  rcsulta  to  show  the  mode  by  wliieh  I  obtained  in  the  table  Iwit  given,  llio  average 
rate  of  consumption  during  the  hours  of  daylight,  tVoni  tho  coiunnnption  of  any  given 
day  of  twenty-four  hours. 

TABLE  OP  ACrrCAL  OOSSUMPTION  OP  WATER  IN  TllB  KNTIUE  CITY  OF  UllOOKLYS.  IIEI  WKKN 

THE  HOURS  INDICATKI). 


n-y, 

1 8  e  1  ■ 

t  A.M.  to  It  p.  M  , 

d  r.  M.  lu  0  A.  M., 

0^  N.  lu  4  *.  Ml 

18  hoan. 

11  boun. 

H  lHiiLn< 

Hew  Turk  KmUoa*. 

V*w  Ywli  italUMM. 

H.  Y.  vJlttU- 

4,654,805 

3,324,101 

6,018,603 

4,658,781 

8,835,400 

1,804,380 

8,043,048 

1,118,141 

(>,4I»6,8ia 

8,048.130 

8,408,002 

Suutlay,  39  May 

:t,HH;t,ioa 

3,808,866 

0,61 1,069 

Monday,  80  May  

4,501,281 

8,428,110 

6.030,031 

6,860,185 

3,164.450 

0,405,104 

10,121.020 

68,008,801 

8,683,10  ft 

3,428.140 

6,111,080 

'  39,603,1«a 

11,203,180 

40,806,056 

Average  for  each  vfovk  day  

j  ~  4,fl33.9«l 

9.883,100 

1,816,160 

Taking  the  resulting  average  for  one  week-day  a«  our  guide,  it  will  bo  found  od 
trial  that  the  hourly  average  consumption  of  the  entire  day  of  twontyfour  hours,  if 
multiplied  by  1.262  will  give  the  hourly  average  duo  to  tho  ./ay-hours  between  six  a.  m. 
and  six  P.  M.,  and  if  multiplied  by  0.737  will  give  the  hourly  average  due  U>  U»e  nigl.l- 
houra  between  six  p.  m.  and  six  a.  «.  In  other  words,  if  x  be  the  hourly  c.>...un.ption 
during  any  twenty-four  hours  indicated  1.262x  will  be  the  hourly  co.u-umplion  between 
six  A.  M.  and  six  p.  m.,  and  0.737x  wiU  be  tho  hourly  consumptiou  between  six  P.  u.  and 
six  A.  If. 

Thifl  is  as  we  find  it  in  Brooklyn  in  1864.  For  other  cities  it  will  vary  with 
their  conditions,  but  it  is  interesting  and  valuable  to  have  the  relations  above  given 
even  for  one  city.    The  population  of  Brooklyn  now  exceeds  300,000. 

MOUNT  PEOaPBCT  PmrPINC-E-VCIKE. 

The  contract  requires  that  an  engine  "shall  be  erecU.d  in  the  engine-hou-e  for 
the  Mount  Prospect  reservoir."  "  capable  of  pumping  2.500,000  gallon.  jM^r  day  of  sixteen 
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hour.,"  a;,d  .ubjcct  to  the  a.n>o  standard  of  "duty"  as  the  Ridgewood  engines.  The 
engine  erected  haa  on  a  preUminary  trial  satisfied  the  conditions  above-menfoned,  as 
„iU  be  found  ft.Uy  stated  in  the  report  of  Mr.  W.  E.  Worthon,  who  eonducted  the 

test  trial,  printed  in  the  Appendbt. 

A  Cornish  engme  was  evidently  the  class  of  engine  contemplated  in  the  contract 
and  in  that  ease  a  well  would  have  been  necessary  as  a  measure  of  safety ;  a  well  was 
accordingly  first  thought  of  as  a  portion  of  the  engine-house  works.  Without  a  well 
the  sensitiveness  of  the  Cornish  engine  would  have  been  dangerously  increased. 

The  engine  buUt  is  a  crank  and  fly-wheel  engine  ;  its  pumps  are  connected  duectly 
with  the  main,  and  are  thus  subjected  to  all  the  variations  of  pressure  from  hour  to  hour 
which  occur  in  the  city  consumption. 

During  the  night  the  pressure  on  the  induction  main  within  the  engine-house  is 
generally  thirty  to  forty  feet  above  what  is  requisite  there  ;  with  an  open  weU  this 
surplus  pressure  would  have  been  lost,  but  as  now  arranged  the  engine  receives  the 
benefit  of  it,  to  whatever  extent  it  may  happen  to  exist  for  the  time  being. 

Whether  at  night  or  during  the  day,  it  reduces  by  so  much  the  work  to  be  done 
on  the  rising  main  and  economizes  the  fuel  necessai-y  to  work  the  boUers.  The  engine 
therefore  is  better  adapted  now  to  meet  aU  the  varying  conditions  of  the  service,  than 
if  its  position  had  been  changed  every  three  months  to  correspond  with  the  head 

prevailing  at  each  interval. 

The  stcam-cylindcr  is  twenty-four  inches  diameter.  Its  length  of  stroke  fifty-four 
inches.  Tlic  two  pumps  are  each  twenty  and  a  quarter  inches  diameter.  Length  of 
stroke  forty-one  and  a  half  inches. 

The  boiler  is  eighteen  feet  in  length  ;  diameter  six  feet.  The  dimensions  and  number 
of  its  Ques  wiU  bo  found  in  Mr.  Worthen's  report,  to  which  the  reader  is  referred  for 
tlie  form  and  characteristics  of  the  engme  and  pfimps. 

The  two  pumps  stand  at  the  same  level,  but  in  the  case  of  these  pumps  the  water 
from  the  pximp  nearest  the  induction  main  can  reach  the  rising  main  without  passing 
through  the  other  pump. 

There  is  an  air-chamber  on  the  induction  main  of  a  capacity  of  sixty-nine  cubic 
foet>  and  one  of  one  hundred  cubic  feet  capacity  on  the  rising  main.  The  length  of 
the  force  main,  which  is  of  twenty  inches  diameter,  is  2,052  feet. 


DRAINAGE  GROUNDS. 

In  my  report  of  the  gauging  of  certain  streams  made  in  1856  and  1857,  I  attempted 
to  give  an  estimate,  at  the  same  time,  of  tlie  aggregate  extent  of  the  drainage-basins 
of  these  streams.  The  only  means  which  I  then  had  for  approximatmg  to  such  an 
estimate  was  the  published  map  of  Long  Island,  very  uurehable  for  such  a  purpose. 

A  correct  survey  of  this  drainage-basin  was  on  many  accounts  desirable.  In  1859 
the  construction  of  the  upper  division  of  the  conduit  was  in  progress  under  the  charge 
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of  Mr.  Tliendoro  Weston,  as  asaiBtant*cnginct>r.  The  Htoppago  of  all  ntaMOury  work 
during  the  winter  montlis  loaves  tlio  engineering  parties  in  imnu'diale  ehargo  of  il 
somewhat  at  leisure  for  other  duty  between  that  timo  and  the  upring. 

Taking  advantuge  of  this  leisure,  I  directed  Mr.  Weston,  in  tJio  fall  of  1869, 
as  soon  as  the  laying  of  miisonry  was  slopped  on  the  conduit  works  (whii'h  uituiUly 
took  place  about  the  end  of  October)  to  set  his  party  to  make  a  carfftil  survey  of  Uio 
drainage-basin  of  the  streams  from  wliich  our  supply  of  water  is  obtained.  TIub  survoy 
was  made  accordingly,  and  the  results  reported  to  mo  in  March,  1800,  but  during 
my  absence  in  Europe,  on  account  of  ill-health,  some  of  its  details  wore  eliilHtrnttMl, 
and  the  publication  of  the  roaults  deferred,  in  consequence,  until  Jaiuiary,  1801.  The 
facta  ascertained  by  this  survey  will  bo  given  hero. 

It  is  important  to  bear  in  mind  of  this  drainage  basin,  a«  of  all  ilraiiiago 
basins,  that  the  amount  of  water  available  from  it  will  always  bo  a  ftiiicUon,  or  a 
fraction  of  the  yearly  rain-fall  simply,  and  that  beyond  the  avuilalile  portion  of  the 
yearly  raiu-fall  there  is  no  other  source  of  supply  to  bo  looked  to.  If  wo  draw 
our  supply  from  a  large  river,  as  in  the  case  of  Hartford  city,  Philadelphia,  Bulliilo, 
or  Cincinnati,  Uie  portion  taken  bears  so  small  a  relation  to  tlio  How  of  the  particular 
stream,  or  the  drainage  basin  in  these  eases  is  so  largely  beyond  our  wants,  a*  to 
render  any  speculation  connected  with  its  size  superfluous.  lUit  in  the  cam  of  tho 
cities  of  New  York,  Boston,  or  Hrooklyn,  it  is  otherwiHo.  In  eiu:h  of  those  en*)*, 
the  entire  drainage  basin  of  the  stream  or  streams  from  wliich  (ho  city  supply  is 
derived,  will  require  eventuaUy  to  bo  utilized,  and  should  bo  brought  within  tho 
necessary  control  in  season  by  special  legislation. 

The  size  of  each  basin  with  its  rain-fall  indicates  all  the  water  used  upon  or 
available  from  it  in  any  shape  during  the  year.  Part  of  that  water  is  absorbed  by 
the  soil  and  sub-soil,  and  held  in  suspension,  so  to  say.  to  maintain  that  degree  of 
moisture  there  which  is  necessary  to  the  wants  of  vegetation  ;  part  of  it  is  returned 
to  the  atmosphere  in  evaporation,  after  moUtening  tho  leaves  of  the  trees  and  grasse-j 
part  of  it  flows  over  the  surface  directly  into  the  brooks  during  heavy  rain-falls,  or, 
in  winter,  during  the  thaws;  the  residue  Gnds  its  way  under  ground  inU,  the  spawns, 
fissures,  sands,  and  other  retentive  earths,  whence  it  slowly  cscajHis,  delayed  by  iho 
friction  of  these  earths,  and  the  economic  conditiomi  of  the  ror^ks  in  this  res|>ect, 
reaching  the  surface  again  on  the  valleys  in  the  form  of  springs,  and  forming  in  summer 
about  the  sole  reUance  of  the  brooks  and  streams. 

From  that  portion  of  the  rain-fall  which  escapes  into  the  brooks  either  direcUy 
or  indirectly,  our  present  supply  is  obtained.  We  use  now  but  a  frocUon  of  this 
portion  of  tho  rain-fall ;  the  larger  portion  runs  to  waste,  but  it  can  be  m  krgc  part 
made  available  hereafter,  when  desired. 

From  the  survey  already  adverted  to.  the  drainage-basin  of  the  Hlrearas  connocU.1 
with  our  works  was  found  to  measure  sixty  and  a  quarter  square  miles.  Within 
the  Umits  of  the  same  basin   there  he  the  small   valleys  of  Springfield  valley  and 
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Foster's  brook  not  connected  with  our  works.  The  drainage  area  of  tliese  outlying 
atreams,  including  besides  all  the  unused  water-bearing  lands  to  the  north  of  the 
conduit  line,  measures  13.41  .quare  miles.  Of  this  outlying  portion  of  the  dramage. 
SpringBeld  brook  alone  would  be  worth  the  cost  of  ponding  and  bringing  into  the 
conduit. 

Our  drainage  grounds  lie  partly  on  the  southern  slopes  of  the  central  ridge  of 
hills  ab-eady  described,  but  mainly  on  the  plain  or  prairie  extending  from  Jamaica 
towards  and  beyond  Hempstead,  known  as  the  Hempstead  plains. 

The  hill  slopes  first  mentioned  are  composed  of  a  clayey  alluvial  earth,  largely 
intermixed  with  boulders  and  but  little  retentive  of  water.  The  plain  referred  to  is 
on  the  contrary  largely  receptive  and  retentive  of  water.  It  consists  of  a  very  uniform 
deposit  of  clear  sand  and  gravel,  with  occasionally  and  very  rarely  thin  veins  of  clay. 
The  proportion  of  the  drainage  grounds  which  lie  on  this  gravel  plain  cannot  be 
correctly  defined^ut  it  is  roughly  estimated  at  forty  square  miles.  The  wells  which 
are  scattered  over  this  gravel  plain  enable  us  to  understand  the  position  of  its  underlying 
water  above  tide. 

This  gravel  plain  serves  two  jiurposes  as  regards  that  portion  of  the  rain  fall 
which  sinks  into  it.  It  retains  it  as  fissures  in  the  rocks  retain  it  in  other  formations 
(such  as  prevail  in  the  Croton  Basin),  to  deliver  it  slowly  to  the  surface  at  the 
brooks  or  in  the  bay  shores,  m  the  shape  of  springs,  and  it  filters  and  purifies  it, 
the  gravel  and  sand  acting  as  a  large  natural  filtering  bed. 

Of  the  water  found  in  place  over  the  whole  of  this  gravel  plain,  but  a  small 
portion  has  been  derived  from  the  rain  of  the  current  season  ;  the  large  mass  of  it 
has  grown  to  its  present  height  from  the  gatherings  of  a  series  of  years. 

The  permanent  shape  of  tliis  mass  deserves  attention.  It  has  a  pretty  uniform 
inclination  towards  the  southern  shore  of  twelve  feet  per  mile.  Upon  each  low  ridge 
lying  between  the  several  streams  which  cross  the  Hempstead  plain,  the  inclination 
of  tliis  water  roof  varies  with  the  width  of  the  ridge  and  must  be  steeper  thau  ite 
sea  slope,  the  hindrance  to  the  escape  of  the  water  being  proportionally  less.  This 
permanent  shape  or  regime  of  the  underground  fluid  gi*ows  out  of  the  character  of 
the  material  in  wliicli  it  is  embedded.  As  much  of  the  rain  fall  as  sinks  into  the 
ground  flows  over  the  fluid  slopes  of  this  underground  water  shed  as  upon  inclines, 
the  greater  part  of  it  thus  finding  its  way  into  the  brooks,  and  a  portion  of  it  escaping 
between  tlie  months  of  the  brooks  into  the  neighboring  bays.  The  longer  the  time 
occupied  by  these  accessions  of  rain  in  reaching  the  outlets  indicated,  the  greater 
will  be  the  minimum  flow  of  the  brook  as  compared  with  its  total  flow,  and  the  shorter 

the  time  occupied,  the  smaller  will  be  the  minimum  flow  comparatively,  so  that  in 

some  limestone  countries,  where  the  fissures  in  the  rocks  are  large  and  free,  the 
minimum  is  frequently  reduced  to  zero,  the  brooks  becoming  dry  during  some  of  the 
summer  weeks.  In  our  case  the  fine  sand  operates  so  as  to  render  the  flow  of  the 
water  through  it  very  slow. 
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Upon  the  permanency  of  this  regime,  so  callod,  tho  uniformity  of  our  wiilor 
supply  depends,  varying  only,  and  that  slightly,  with  the  annual  varialiouM  in  tho 
rain-fall. 

If  we  can  conceive  of  an  entire  year  passing  without  rain,  this  regime  would 
be  changed  and  lowered,  a  portion  of  the  water  maintaining  it  ooxing  out  tlion  into 
the  brooks  and  bays  ;  «nd  supposing  a  series  of  dry  years,  with  no  rain-fall,  to  follow 
each  other,  if  that  were  possible,  it  would  gradually  sink  to  the  lovi.'!  of  tho 
tides. 

Under  such  circumstances  the  (low  of  water  in  the  brooks  would  at  length  coiwo, 
and  before  it  could  resume  its  present  position  the  mass  of  water  withdrawn  H-om 
the  sand  plains  would  have  to  be  restored— the  same  regime  would  have  to  bo 
re-established  to  secure  the  prevalence  of  tho  same  results. 

In  the  same  manner  if,  by  artificial  drains  taking  tho  sliapo  of  or  performing  tho 
functions  of  new  brooks,  we  were  to  lower  this  underlying  water  and  disturb  this  regime, 
the  amount  flowing  into  the  old  brooks  would  become  proportionally  loss  ;  tho  head  of 
water,  in  other  words,  acting  upon  all  tlie  little  springs  would  bo  lowered,  and  thoir 
deUveries  would  be  lessened.  We  might  in  this  way  produce  a  lower  regime  and 
appropriate  the  water  forming  the  diflercnce  botwcon  the  old  and  the  new,  but  it  would 
only  be  to  arrive  at  a  state  of  things  as  a  matter  of  course,  in  which  not  more  than 
the  same  proportion  of  the  rain-fall  which  settles  into  tho  ground  would  bo  available 
to  be  utilized  for  the  purposes  of  these  works. 

I  have  ventured  to  say  tliis  much  upon  a  question  which  is  debatable  in  some 
minds.  A  more  practicable  subject  in  connection  with  our  d  rain  age -hasin.  will  bo  the 
consideration  of  how  much  of  tho  water  of  the  supply-brooks  runs  to  wasto  over  our 
dams,  and  whether  a  large  portion  of  this  cannot  be  recovered  and  apphed  when  tho 
wants  of  the  city  demand  it,  before  looking  beyond  tho  present  drainagc-basm  for 
iucrcased  supplies. 

The  followmg  table  gives  the  results  of  careftil  gaugings,  made  in  Rei)tombor  and 
October  of  1856  and  1857,  of  the  brooks  then  expected  to  be  included  in  the  works. 
One  of  these.  "Springfield  brook,"  was  not  taken  in  by  the  contractors,  thoir  intention 
being  to  take  in  an  equivalent  of  water  from  the  deep  cut  near  the  engine-house,  by 
openings  left  in  the  masonry  of  the  conduit  for  that  purpose.  These  openings  have  not> 
however,  been  used,  nor  is  there  any  water  derived  thus  far  from  that  Pourcc. 

We'  know,  however,  from  experiments  carefully  made  for  that  purpose  in  1868. 
when  the  depUi  of  water  in  the  pump-wcU  section  of  the  conduit  was  three  and  a  half 
feet  that  one  million  four  hundred  and  two  thousand  gallons  of  water  can  he  denvcd 
from  these  holes.  With  Ave  feet  of  water  in  the  conduit  the  result  would  bo 
lessened. 
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STATEMl'-NT  OP  THE  BESDLT8  OF  OAUGIKG  MADE  DURING  THE  AUTUMNS  OF  18G6  AND  1857,  TO 

THE  illNIMOM  DELIVEEY  OP  THE  PRINCIPAL  STREAMS.  FROM  ™H  THE  SUPPLY  IS  OBTAINED  FOR 
THE  unOOKLYN  WATER  WORKS  UNDER  THE  CONTRACT  OF  H.  8.  WELLES  &  CO. 


KAIIB  OP  nREAU 


Hompstfiitcl  Struoui  

BookviUe  Stream  (Pino'ii  Brook). 

Vdloy  Stream  (P.  CorooU'w)  

Cloor  StroMD  

RrookHuld  Stream  (Simomioii'O- . 
Splingflclil  SIxuam  

■Tnmniftfl  BtrOAID  •  


UlDlmnm  raw  of  Iho  Blretm  for  Iwenly-four  bonrt  aurlog 


By  Fnuicls' 
FurmulB. 


N.  Y,  piUcnn 
7,051,321 

8.669,330 

9,368.305 

739,400 
1,678,136 

634,266 
3.053.793 


18,1)U,630 


By  Wobbiich'i 
Furmulu. 


K  Y.  gallon*. 
8,242,371 

2,758,800 

2.638,276 

780,000 
1.991.450 

C73.646 
3,271,110 


20,245,651 


Thylor'f 
Formalo. 


Jf.  T.  gallons. 
6,828.148 

2.954,420 

2,707,425 

834,850 
2.132.700 

721.360 
3,502,792 


21.679,695 


Vam  of  tbo 


UialDialn 
Qovr  of  Wulvr  Id  Uio 
Couilujt 
ai  Ibo  rcDolTlDg 

poluU  of  the 
(llOaronl  su-ouiu. 


N.  Y.  gnllocK. 
8,239.947 

2,760.847 

2,541,335 

784,750 
2.000,762 

C76.420 
3,275,898 


20,279,959 


8,239.947 
11,000,794 
13,542,129 
14.326.879 
16,327.641 
17.001.061 
20.279.969 


Aflcr  the  completion  of  the  conduit,  and  before  its  formal  acceptance,  the  waters 
Hewing  through  it  from  the  regular  delivery  of  the  sis  brooka  of  our  supply-ponds 
were  repeatedly  measui'ed,  and  found  always  to  exceed  the  contract  quantity  of  twenty 
millions,  and  to  exceed  decidedly  the  gauginga  of  1856-7.  The  cleaning  out  of  the 
ponds  would,  in  part,  account  for  this  last  condition.  The  conduit  works  were 
accordingly  accepted  as  satisfying,  at  the  time,  the  contract  requirements  in  this 
respect. 

"With  the  conti-act  quantity  of  twenty  millions  of  gallons  flowuig  through  the 
conduit,  the  supply-ponds  possess  a  reserve  of  seventy  millions  of  gallons  in  all,  which 
can  be  di-awn  upon  during  any  year  of  extreme  low  water.  Such  seasons  of  unusual 
drought  occur  once  in  twenty  or  Uiirty  years.  With  a  flow  of  forty  millions  daily 
passing  through  the  conduit,  equal  to  five  feet  of  water  there,  the  reserve  referred  to 
woidd  be  reduced  to  thirty-one  millions  of  gallons. 

The  gaugings  given  in  the  above  tables  were  taken  during  very  diy  seasons,  as 
represented  by  the  millers.  The  Flatbush  and  Jamaica  tables  of  raiu-fall  somewhat 
corroborate  their  opinion,  but  I  place  little  confidence  in  such,  tables  unless  evidence 
is  at  the  same  time  furnished  that  the  observations  have  been  made  with  great  care 
and  witli  reliable  insU-umeuta.  The  tables  above  mentioned  differ  very  importantly  and 
very  irrogiUarly,  although  the  places  He  on  the  same  plain  and  are  but  nine  miles 
apart. 

If  we  take  tlie  summer  flow  of  our  supply-brooks  at  twenty  millions  of  New  York 
gallons,  or  two  miUions  five  hundi-ed  and  sixty  thousand  cubic  feet  per  diem— equal 
to  nine  hundred  and  thirty-four  milUons  four  hundred  thousand  cubic  feet  per  annum— 
and  compare  it  with  the  area  of  the  drainage-basin,  it  wiU  be  found  equivalent  to 
0.5585  feet,  or  6.7  inches  of  rain-faU.   This,  of  itself,  is  evidence  of  a  formation 
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unusually  receptive  and  retentive  of  that  portion  of  the  rain- full  which  is  nvnilnblo 
for  natural  storage.  It  is  unnecesaary  to  ropoat  that  the  sanda  of  the  llempMtead 
plains  have  this  marked  character,  being  covered  by  a  very  light  and  thin  soil,  Uirough 
which  the  rain  finds  an  easy  passage  to  tlie  sand ;  it  is  restored  again  to  the  a\irfiioe 
by  springs^  very  slowly  and  v^ry  regularly. 

Mr.  T.  F.  Bateman  mentions  the  sands  of  Delaware  forest,  in  ChoBhiro,  England, 
as  yielding,  "from  measiu-eraents  made  in  the  summer  of  1861,  sixteen  millions  of 
gallons  (Imperial)  a  day  from  a  tract  of  country  not  exceeding  thirty-six  square  miles 
in  extent."  This  exceeds  the  minimum  flow  of  our  brooks,  but  it  represents,  probably, 
an  average  of  the  summer  low  water,  and  not  its  very  lowest  flow. 

The  minijnum  flow  of  the  Croton  river  may  bo  taken  at  thirty-sevon  millions  of 
New  York  gallons  per  diem,  equal  to  four  millions  seven  hundred  and  thirty-six 
thousand  cubic  feet*  The  drainage-basin  of  the  Croton  river  moasuros  three  •  hundred 
and  thh-ty-eight  square  miles.  The  minimum  flow  in  this  case  is  equivalent  to  about 
two  inches  of  raia.  This  shows  a  character  of  basin  upon  which,  if  the  rocks  receive 
within  their  strata  as  much  of  the  rain-fall  as  in  our  case,  they  must  restore  it  again 
to  the  surface  much  more  rapidly  and  freely  than  in  our  case,  many  of  its  springs 
and  brooks  becoming  all  but  dry  in  the  fall  months.  More  probably  the  formutions 
in  the  Croton  basin  do  not  store  up  the  same  proportion  of  water,  but  shod  ofl"  into 
the  rivers  a  larger  fraction  of  every  heavy  rain. 

During  the  lowest  stage  of  the  streams,  their  sole  dopondcneo  is,  of  course,  upon 
the  springs.  The  yield  of  the  Croton  under  these  circumstancos  approximates  pretty 
nearly  to  that  of  some  English  rivers.  Mr.  Bateman  says;  "The  spring  water  varies 
in  extreme  drought  from  one  quarter  of  a  cubic  foot  per  second  for  every  thousand 
acres  {1.562  square  miles)  of  contributing  area— aa  in  the  Washbourno,  one  of  the 
tributaries  of  the  river  Wharfe,  in  Yorkshire— to  three  quarters  of  a  cubic  foot  per 
second  from  the  same  area— as  in  the  river  Etherow,  at  the  Manchester  water  works. 
The  spring  water  of  the  Rivington  Hills,  whence  the  supply  of  Liverpool  is  to  bo 
obtained,  is  equal,  in  the  same  dry  season,  to  about  half  the  quantity  of  that  yielded 
by  the  Manchester  districts  in  proportion  to  their  respective  areas.  The  general  lowest 
yield  of  these  meosm-es  in  the  driest  weather,  after  a  long  period  of  drought,  is  about 
one  fifth  or  one  half  of  a  cubic  foot  per  one  thousand  acres. 

The  yield  of  the  Croton  basin  in  such  a  drought,  according  to  the  estimate  which  I 
have  given  of  ita  minimum  flow,  is  about  three  tenths  of  a  cubic  foot  per  thousand 


•  Aided  by  the  rewrve  in  the  Croton  Lik«.  Mr.  Schnunko  make,  the  mmimiun  equal  to  tliirty-fiv«  nlDlon.  of  Imi«rUJ 
..UonB  or  forty-three  miUion..  «ven  hu,..Ired  .ud  fifty  thou«d  Now  York  gaUoo..  Mr.  Albert  Bte(«.  from 
Ldein  September.  IS33.  reports,  the  minima  «  tweDty-ni««  miUion..foar  hundred  «d  «veo  ih.^.l  nuUn.Ar^ 
and  twentj  -two  gdbn»  every  tw.r.ly-four  hoar..  Mr.  Hon-Uo  All«n.  in  1S5S,  m«Ie  it  t*cnty*.vc.  mUl.oa.,  five  hur^od 
and  Bizty-two  thouBaod,  two  hondred  and  eighty  gallon,  (hx-pcrial).  Tha  year  1833  b  rcporUKi  «  on.  of  uooommon 
droQgbt 
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acres.   Tl.e  minimum  yield  of  the  Brooklyn  basin  exceeds  three  quarters  of  a  cubic 

foot  (0.77)  for  tlie  same  area. 

But  in  proportion  as  the  yield  of  the  springs  during  the  driest  month  of  the  year, 
is  great  in  any  basin,  will  the  water  passing  otT  by  the  streams  daring  the  other  months 
be  less  as  compared  with  a  basin  of  the  opposite  character.  The  water  which  runs  to 
waste  over  the  Croton  dam  is  very  much  greater  proportionally  than  the  water  which 
runs  to  wast*  over  our  dams.  They  have,  therefore,  a  larger  proportion  of  unapplied 
water  to  store  up  at  need  than  we  have,  and  the  Reservoir  works  required  to 
economize  their  surplus,  wUl  be  proportionally  more  expensive  than  in  our  case. 

We  come  back  to  the  consideration  of  the  amount  of  water  wasted  over  the  Brooklyn 
supply  dams,  over  and  above  the  twenty  millions  of  natural  flow  at  the  lowest  stage. 
Tliis  is  a  variable  depending  on  the  rain-fall,  the  lowest  value  of  which  will  govern 
our  present  calculations. 

Of  the  rain-fall  of  any  year  it  has  already  been  stated  that  a  certain  portion  is 
expended  in  evaporation,  vegetation,  and  absorption,  the  absoi^ption  referred  to  being 
that  dampness  or  moistened  state  of  the  soil  or  earth  near  the  sm-face,  which  is  necessary 
to  tlie  health  of  the  animal  and  vegetable  life  residing  in  that  soil. 

The  remainder  in  part  passes  through  this  upper  surface  to  the  springs  of  whatever 
character,  and  in  part  is  shed  directly  into  the  brooks  from  the  surface  of  the  ground. 

The  portion  of  the  rain-fall  applicable  to  vegetation,  evaporation,  and  soil  absorption, 
is  not  now  considered  to  vary  sensibly  with  the  annual  rain-fall,  but  is  supposed 
by  those  who  luive  been  able  to  give  the  subject  due  consideration  to  be  very  nearly 
a  fixed  quantity ;  being  from  fourteen  to  sixteen  inches  of  the  yearly  rain-fall. 

Of  those  tables  of  rain-fall,  viz.,  the  Flutbush  table,  the  Fort  Hamilton  table, 
and  the  Fort  Colimibiis  table  (see  Appendix),  the  lowest  year  of  the  Fort  Hamilton 
series,  1849,  corresponds  very  nearly  with  the  same  year  iu  the  other  two  series. 

Inches. 

The  Fort  Hamilton  recoi-d  gives  for  1849   29.75 

The  Flatbush  "        "  "    32.47 

The  Fort  Cohmibus    "        "  "    31.14 

93.36 

Mean  for  1849   31.12 

The  lowest  year  of  the  Flatbush  series  (thirty-two  years)  is  1845,  32.14  inches. 
The  lowest  year  of  the  Port  Hamilton  scries  (fourteen  years)  is  1849,  as  above 
mentioned.  The  lowest  yeai-  of  the  Fort  Columbus  series  (nineteen  years)  is  1836, 
27.57  inches,  not  given  in  the  Fort  Hamilton  series,  but  given  in  the  Flatbush  series 
at  43.89  inches,  and,  therefore,  probably  erroneoxis.  The  mean  given  above  for  1849 
is  the  lowest  mean  of  any  year  in  these  three  tables,  and  we  may,  therefore,  take 
it  in  the  absence  of  better  data  as  oui-  low-water  standard  for  the  rain-fall. 
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I  will  take,  however,  30  inches  as  a  safe  stnmlunl  for  n  very  dry 
season  in  our  drainage  baain   80 

Allow  for  evaporation,  vegetation,  and  such  absorption  aa  dooa 
not  reappear  in  springs   16 

15 

Leaving  15  inches  aa  applicable  to  springs  and  floods,  as  the 
water  in  fact  which  flows  off  by  Uio  six  brooks  whoso 
waters  belong  to  our  works. 

Of  this  portion  the  minimum  flow  of  the  brooks  (which  is  all 
that  om-  works  as  now  arranged  can  obtain),  during  the 
driest  month  of  the  year,  equals  twenty  millions  New  York 
gallons,  and  this  is  equivalent  to  6.7  inches  of  rain-fall   0.7 

8.S 

There  remains  then  an  equivalent  of  8.3  inches  of  rain-fiill  wasted,  over  and 
above  the  twenty  millions  gallons  which  can  bo  taken  without  storage.  This  is  equal 
to  twenty-four  millions  seven  hundred  and  fifty  thousand  New  York  gallons  por  diem. 
During  ordinary  years,  when  the  rain-fall  generaUy  exceeds  forty  inches,  Uiis  surplus 
quantity  would  much  exceed  its  computed  allowance  for  a  dry  season.  It  is  evident, 
then,  that  from  tlie  limited  drainage  basin  of  the  present  works  forty  millions  of  gallons 
can  be  gathered  nnd  depended  on  without    looking  farther,  if  we  can  husband  the 

water  which  runs  to  waste. 

This  can  probably  be  done  in  one  of  two  ways  which  naturally  suggest  tliomsolvos. 

But  we  must  first  consider  the  amount  of  storage  to  bo  provided  for.  Kvory 
river  basin  seems  to  have  its  individual  character  in  this  respect,  and  to  bo  ablo 
intelligently  to  understand  hereafter  the  necessities  of  our  situation,  one  of  tlie  largest 
of  our  streams,  the  Hempstead  brook  for  instance,  should  be  gauged  daily,  at  least 
every  four  hours  for  two  years,  estimating  at  the  same  time  its  daily  delivery  into 
the  conduit,  and  observing  carefully  the  rain-fall  durihg  the  same  period.  This  would 
sufficiently  indicate  the  character  of  the  other  streams,  and  would  enable  the  Engineer 
who  may  be  called  upon  to  study  the  matter,  to  understand  pretty  nearly  the  extent 
of  reservoir  storage  necessary  to  economize  the  surplus  waters  of  the  basin. 

In  the  absence  of  such  data  as  the  observations  above  indicated  would  g.ve,  I  w.U 
assume  that  the  flow  of  the  supply-brooks  during  the  months  of  January,  February, 
March.  AprU,  and  May.  amount,  to  from  two  to  four  tunes  the  flow  at  their  lowest 
stage  (twenty  millions  gallons),  say  two  and  three  fourUis  times  tlmt  flow  ;  tlxat  m  Juno. 
July  and  August,  it  amount,  to  one  and  a  half  to  two  times  that  flow,  say  an  average 
of  one  and  three  fourths  times  ;  and  that  during  the  months  of  September.  Octol..r. 
November,  and  December,  it  varies  from  one  to  one  and  a  half  times  that  flow,  say  an 
average  of  one  and  one  fourth  times. 
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The  Burplus  waters  to  be  preserved  have  been  shown  to  be  equal  to  a  per  diem 
of  twenty-four  and  three  fourths  n,iUionB  of  gaUons  during  a  season  of  very  low 

rain-fall.  ,     .  , 

To  secure  the  daily  supply  of  forty  milUons  gallons,  which  the  baam  is  amply 
eompotont  to  give;  in  other  word«.  to  lay  by  from  the  winter  and  spring  waters 
enough  to  make  up  the  deficiencies  of  the  summcf  Qow  upon  this  standard,  there  would 
eventually  be  required  reservoir  storage  equivalent  to  two  thousand  seven  hundred 
millions  New  York  gallons-equal  to  a  contributing  capacity  from  the  said  reservoir  of 
sLx  miUions  gaUons  average  per  diem  for  ninety  days,  and  of  eighteen  milHons  gallons 
average  per  diem  for  one   hundred  and  twenty  days-quantities  which  correct  data 

would  probably  I'educo. 

Two  modes  have  been  alluded  to  of  meeting  this  storage.  The  fii'st  is  the  usual 
one  of  building  reservoirs  on  the  streams.  This  need  not  be  done  on  every  stream.  If 
Buch  reservoirs  were  built  (as  needed)  on  Jamaica  brook,  Valley  brook,  RockviUe  brook, 
and  Hempstead  brook,  the  other  two  brooks  could  be  so  contj-ollcd  as  at  all  times  to 
deliver  all  theu-  waters  into  the  conduit,  the  deficiency  being  made  up  from  the  other 
streams  by  an  intelligent  supervision  of  them. 

The  valleys  alluded  to  are,  however,  shallow  and  not  well  adapted  to  the  storage 
of  80  much  water  without  covering  very  large  areas,  involving  the  acquisition  of  much 
land,  and  the  removal  of  proportionally  large  quantities  of  vegetable  deposit  or  muck. 
As  a  question  of  cost,  therefore,  it  may  turn  out  more  economical  to  build  one  large 
reservoir  situated  on  the  neck  of  land  lying  between  Hempstead  pond  and  Pine's  pond 
or  elsewhere.  To  meet  the  reserve  above  mentioned,  this  reservoir  with  twenty-four 
feet  depth  of  water  would  have  a  water  surface  equal  to  three  thousand  eight 
hundred  feet  by  three  thousand  eight  hundred  feet.  Its  bottom  would  have  to  be 
situated  say  four  feet  above  Hempstead  pond,  necessitating,  therefore,  engine  power  to 
pump  into  it  from  the  waters  of  Pine's  pond  and  Hempstead  pond  the  necessary  storage 
water.  The  whole  of  the  water  of  the  other  streams  would  in  that  case  be  graduated 
into  the  conduit,  making  up  from  this  storage  reservou-  the  deficiency.  The  reservoir 
would  be  buUt  in  two  pai-ts. 

The  pumping  in  this  case  will  appear  objectionable,  but  the  height  to  bo  pumped 
is  small  and  tlie  cost  of  pumpmg  will  be  small  as  compared  with  Ridgewood.  A 
considerable  portion  of  the  water  which  finds  its  way  into  Smith's  pond  may  be  drawn 
into  the  punip-well,  and  if  we  consider  the  compactness  of  the  scheme,  the  small  amount 
of  land  required  as  compared  with  the  otlier,  and  the  depth  of  water  in  this  case 
as  compared  with  the  shallower  waters  of  any  reservoirs  built  on  the  streams,  it  may 
turn  out  as  economical  and  more  manageable  than  the  mode  first  mentioned. 

I  mention  it  only  as  another  way  of  securing  the  necessary  storage.  The  best  mode 
can  only  be  ascertained  after  the  usual  correct  surveys  and  calculations  have  been  made 
and  the  whole  matter  well  studied,  a  necessity  which  will  not  probably  occur  for  many 
years  yet. 
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Having  thus  described  the  works  as  briefly  na  I  have  been  able  to  do  couslHtont  with 
the  desire  to  have  tliem  uuderstood,  I  beg  to  say  in  this  place  how  much  I  fool  mysolf 
beholden  to  all  the  gentlemen  of  the  Boai-d  of  Water  Commissionors,  for  tho  libera) 
manner  in  which  they  have  uniformly  sustained  mo  in  tho  prosecution  of  dutios  whioh 
were  in  many  respects  uuusuolly  arduous.  It  would  have  been  easy  for  thorn  to  have 
embarrassed  me  in  the  selection  of  assistants  and  inspectors,  upon  whoso  zool  and 
faitlifuhiess  the  right  construction  of  the  various  works  depends  ;  but  they  have  alwayii 
encouraged  me  to  secure  the  most  reliable  men,  and  always  been  eager  without  favor 
to  get  rid  of  any  one,  and  such  were  very  rare,  who  proved  himself  unfuilhftil  or 
incompetent.  Tho  perfection  of  any  work  of  this  kind  obviously  very  much  depends 
on  the  presence  of  such  a  spirit  in  those  having  tho  control  of  it. 

I  have  also  to  acknowledge  my  obligations  to  A.  W.  Craven,  Esq.,  who  acted  aa 
Consulting  Engineer,  for  access  at  all  times  to  the  plans  of  tho  Croton  works,  and  for 
the  frequent  aid  of  his  judgment. 

I  have  also  to  thank  the  Assistant- Engineers  for  their  attention  and  faithftilnoss 
to  their  several  trusts,  of  which  the  works  aflbrd  sufliciout  evidence. 

The  Assistant-Engineers  were  Mr.  Moses  Lane,  principal  assistant. 

Mr.  Samuel  McKlroy,  in  charge  of  the  construction  of  the  Uidgewood  reservoir, 
and  of  the  engine-house,  and  pumping-engino  No.  1. 

Mr.  Theodore  Weston,  in  charge  of  the  construction  of  the  conduit. 

Mr.  Joseph  Bennett,  in  charge  of  the  surveys,  and  tlie  construction  of  some  of  tho 
supply  ponds. 

Mr.  Joseph  P.  Davis,  in  charge  of  tlie  construction  of  the  foundations  of  Uidgewood 
engine  No.  2,  and  aiding  Mr.  Weston  on  the  Mount  Prospect  reservoir. 

Mr.  Joseph  0.  B.  Webster,  in  charge  of  the  drawings  of  tho  city  pipe  distribution, 
and  of  the  pipe  returns  and  estimates. 

Mr.  Webster,  Sr.,  iu  general  charge  of  the  out>door  work  of  the  pipe  service  at 

the  foundries  and  in  the  city. 

Mr.  Frederick  Budden,  draftsman  and  architect,  in  charge  of  aU  working  deUils 
of  the  engine-houses  and  buUdings  on  the  works,  all  which  were  built  according  to 
his  designs,  with  the  exception  of  the  Ridgewood  engine-house. 

The  inspectors  of  the  pipe  castings,  resident  at  the  foundries,  rendered  aUo  mort 
important  service  in  securing  for  us  a  superior  claJS  of  castings.    These  were  : 

Mr.  F.  B.  Miles. 
Mr.  Jno.  H.  Rhodes. 
Mr.  S.  R.  Probasco. 
Mr.  John  Avery.  Jr. 
Mr.  J.  D.  Mercer. 
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Do 

The  U.tal  expenditures  to  date  by  the  Board  of  Water  CommiBsioners  for  cooBtruetion 
have  been  aa  follows  : 

$4,200,000  00 

The  origiiiftl  coDtract  price  * " '  ' 

Additional  cost  for  construction,  of  a  condait  instead  of  a  canal  and  other  ^^^^^^^ 

ontaido  expt-nBcs  ■  •  ■  ■  ■   [   $4,698,496  58 

Total  oxpenditnte  tUroogli  H.  S.  Welles  &  Co  

Additional  coal  building  and  roilroad  track  at  Ridgcwood  engine-house..  5,000  96 

iDBtniraonts  and  office  furniture   22849  65 

Diflcomit  on  bonds  ' ' 

Engmeering.  auporintcnding,  office  cxpeneee,  and  contingencies    I  jog^igl  84 

Tlio  oitension  of  the  distribution  watx.T  pipes  and  laying,  engineering. 

auporinteuding  and  contingencies   ^'^^'iP'  38 

Additional  lands,  &c   '   ^.[g  g|g  ^9 

Total  oxpendilure  by  tl'e  Uoard  of  Water  OommiseioncrB  1   $5,284,626  21 

for  construction  ^  - 


It  becomes  me  here  to  Bay  of  H.  S.  WeUes  &  Co.,  the  Contractors,  uow  that  our 
relations  arc  terminated,  that,  although  we  frequently  differed  in  matters  of  detail, 
their  conduct  in  the  fulhlment  of  their  contract  was,  on  the  whole,  liberal  and  creditable 
to  tliem  aa  constructors.  Their  general  sound  knowledge  of  what  constituted  good  work, 
and  their  support  of  the  Engineers  in  requiiing  it  rigidly  of  theii-  sub-contractors, 
materially  simplified  the  duties  of  superintendence. 


SEWERAGE  WORKS. 


By  an  net  of  the  legislature,  passed  15th  April,  1857,  the  Boord  of  Commiiwionon 
for  the  constrviction  of  the  water  works,  already  deflcribed,  was  auUioriaed  to  prepare  u 
system  of  sewerage  for  the  city  of  Brooklyn,  and  to  proceed  with  the  construction  of 
BCwers  under  that  system. 

On  the  13th  July,  1857,  I  was  appointed  by  the  Board  the  Engineer  to  prepare 
and  organize  such  a  system  in  conformity  with  the  provisions  of  the  act ;  hut  us  my 
duties  in  comiection  with  the  construction  of  the  water  works  ftilly  occupied  my  time, 
the  Board  authorized  me  to  procure  the  services  of  Julius  W.  Adams,  Civil  Engineer, 
to  study  out  and  prepare  the  necessary  plans.  Soon  after  Mr.  Adams  entered  upon 
his  duties,  I  resigned  as  Engineer,  and  he  was  appointed  to  that  position.  Tlie  plans 
of  the  sewerage  districts  as  now  established  are  the  result  of  his  labors,  and  what 
I  have  to  say  in  explanation  of  them  will  bo  mainly  in  accordance  with  the  viuws 
expressed  in  his  reports  and  illustrative  of  the  principles  which  governed  him. 

In  anticipation  of  such  duties  devolving  on  mo,  I  had  previously  collected,  IVom 
English  sources  principally,  such  inTormatiou  wiUi  regard  to  the  drainage  of  cities 
as  had  been  published  in  parliamentary  report*,  and  elsewhere,  and  I  had  corresponded 
with  some  Enghsh  engineers  of  large  experience  in  such  works,  particularly  with  Mr. 
Robert  Rawlinson.  who  very  liberally  gave  mo  the  benefit  of  his  views  and  (Virnishcd 
me  with  valuable  information  as  to  the  character  of  the  sewerage  works  tlicn  recently 
constructed  for  many  of  the  English  cities.  To  him  I  feel  under  great  obngalioni. 
for  his  exceeding  courtes>-  in  this  respect.  This  correspondence,  togetlior  with  the 
reports  alluded  to.  were  handed  over  to  Mr.  Adams  on  hU  entering  upon  hi«  duties. 

The  establishment  of  works  to  insure  a  liberal  and  regular  supply  of  water  fur  any 
city  involves  the  establishment  as  well  of  tho  sewerage  works  necessary  t/»  carry  oW  that 
watlr  after  it  has  been  used.    Without  the  last,  a  free  use  of  the  water  would  for  obvious 

reasons  be  impracticable. 

When  the  supply  of  water  is  deficient  or  limited,  that  is  to  say,  when  (oh  wa.  usual 
thirty  years  ago)  it  has  to  be  procured  from  street  wells  or  purchased  from  water- p-ddl.-rs. 
the  amount  used  is  but  a  smaU  fraction  of  what  is  considered  necessary  for  douu^stu: 
purposes  now  ;  so  small  that  cesspools  pkc«l  in  the  back  yards  of  the  dwellings  were 
competent  then  to  receive  it  after  use  and  to  pass  it  into  the  soil  by  percoUtion ;  but 
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receive  tbcir  daily  drink,  and  doubtless  bave  been  long  offonswe  to  healtb    e  ore  ^hey 
have  become  diatinctly  perceptible  or  offensive  to  the  t..t..   In  .any  cases  tbe  Jst.  o^ 
individuals,  as  in  the  case  of  .ulpbur  and  other  o^ensive  sprmg..  has  accommodated  :t.cl^ 
to  the  changed  character  of  the  water,  and  has  attenvardB  found  a  purer  water  somewhat 
insipid  in  comparison.    The  soU  under  this  system  becomes  after  a  while  saturated  for  a 
considerable  depth  with  the  impurities  incident  to  human  life ;  the  rain-waters,  upon  which 
aU  wells  depend  for  their  current  suppUes,  necessarUy  reach  these  wells  after  passmg 
through  more  or  less  of  this  earth  saturated  with  such  impurities,  and  they  imbibe  m  their 
course  a  portion  of  its  poisonous  quahties.   These  results,  slowly  believed  in  and  generally 
suflered  to  generate  malignant  forms  of  disease  before  being  admittx^d.  have  led  equally 
to  the  demand  for  a  liberal  supply  of  the  purer  water  of  the  country  and  for  such  a 
change  in  tbe  domestic  arrangements  as  regards  water-closet^  and  all  refuse  water  of  the 
family,  as  shall  remove  it  promptly  not  merely  fi'om  off  the  premises,  but  out  of  the 
city  and  beyond  any  influence  for  evil  upon  its  atmosphere.   The  necessities  of  overcharged 
vaults  have  led  in  some  old  cities  to  the  periodical  removal  of  human  ordure,  but  the 
process  poisoned  the  atmosphere  more  sensibly  at  those  times,  and  left  the  lungs  to 
inhale  what  formerly  had  been  received  into  the  system  mamly  through  the  stomach. 
These  remarks  may  appear  u-relevant  m  our  day,  when  the  dependence  of  health  on 
cleanliness  of  habits  as  well  as  of  person  is  so  generally  admitted,  but  the  admission 
wiU  avoU  but  parUaUy  unless,  the  effort  to  a^ttain  the  desired  end  is  made  continuous 
and  not  intermittent :— the  best  of  our  sewerage  works  fail  in  several  important  particulars 
of  that  perfection  which  is  necessary  to  render  them  entirely  innocuous  ;  they  will, 
however,  reach  it  step  by  step  if  the  pubhc  mind  remains  watchfully  sensitive  to  the 
truth  that  a  pure  atmosphere  in-doors  and  out  of  doors  is  one  of  the  essential  elements 
of  health  which  must  always  be  of  difficult  attainment  in  a  crowded  city. 

The  total  length  of  the  sewers  existing  in  Brooklyn  previous  to  185V  was  5-nHi  miles. 
The  larger  ones  were  situated  as  follows : 

Rajanond  street.  Park  to  De  Kalb  avenue. 

Navy  street,  Prospect  to  Tillary  street. 

Fulton  street,  East  river  to  Clinton  street. 

Warren  street,  East  river  to  Court. 

Hamilton  avenue,  East  river  to  Rapelyea  street. 

Tillary  street,  Raymond  to  Bridge  street. 

Union  street,  Hamilton  to  Columbia  street 

Smitli  street,  Atlantic  to  Warren  street 

Across  the  Navy-yard  and  City  Park  to  Raymond  street. 

Navy  street,  De  Kalb  to  Flatbush  avenue. 
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These  sewors  were  evidently  built  to  relievo  oertnin  deprpiwe<l  portions  of  the  eity 
of  the  (iccuraulfttions  of  water  which  must  hnvo  found  plnoe  thoro  during  heuvy  rniua 
They  were  not  built  to  relievo  the  house  draiungo,  which  wna  at  that  time  ulliurwiso 
disposed  of,  with  the  exception  of  such  portions  of  it  m  wore  thrown  out  in  IVonl  into 
the  gutters.  This  condition  of  things  necessarily  continued  until  tho  introduction  of 
water  into  the  city  made  a  change  for  the  bettor  practicable  na  well  nocwwary. 

The  sewers  referred  to  were  made  largo  enough  to  admit  of  their  being  unlered 
by  men,  and  their  accumulations  cleaned  out  when  they  bcciune  ofleimivo  or  uUuirwiw 
objectionable. 

It  will  bo  convenient  to  look  back  to  the  practice  of  Etiglinh  cities  previous  to 
1850,  for  we  have  been  largely  enlightened  and  benefited  by  tlieir  exporionco  and  by 
their  disputes  on  the  subject  of  city  drainage. 

Previous  to  1850,  or  thereabouts,  tho  sewerage  drains  of  many  English  oitios  hod 
been  established  so  as  to  receive  the  honso  sewerage  as  well  as  tho  street  soworago, 
or  rain-fall,  but  tho  water  supply  of  tho  same  cities  being  then  deficient  in  tho  quantity 
used  per  head  of  population,  as  compared  with  our  present  hubitd,  tho  resulting  (Uiid 
sewerage  of  dwelling- houses  was  not  sufTicient  in  quontity  to  carry  off  tho  heavier 
matter  which  accompanied  it.  This  last,  therefore,  when  it  reacbcd  the  sewer  deposited 
itself  there  in  part,  and  accumulated  upon  the  bottom  until  carried  away  by  the  waters 
of  heavy  rains,  or  removed  by  manual  labor.  These  aocumulatiuns  frequently  romuinod 
long  enough  to  become  putrescent,  and  by  their  decompoaition,  exceedingly  oironsivo  to 
liealth  and  sense.  Tho  exaggerations  of  sickness  which  grow  out  of  this  state  of  afiairB 
are  matters  of  history,  not  likely  to  have  place  again  to  the  same  extent  in  our  limes. 
The  sewers  under  this  system  were  all  built  of  sufficient  size  to  admit  of  iJioir  being 
cleaned  out  at  intervals  by  mamiol  labor. 

The  introduction  into  tho  same  cities,  and  gradually  into  all  important  citleii  of 
more  abundant  supplies  of  water,  admitting  of  its  free  use  for  tho  luxuries  as  woll  us 
tho  mere  necessities  of  domestic  life,  paved  tho  way  for  a  change  in  tlie  modes  of 
sewerage  previously  prevalent. 

This  change  consisted  in  the  introduction  of  smaller  sewers,  tho  sizes  of  which 
were  governed  solely  by  the  amounts  of  sewerage  and  rain  water  to  bo  passed  at  any 
given  point;  their  enlargement  beyond  the  requirements  above  mentioned  was  conwdcred 
unnecessary,  and  iu  other  respects  objectionable. 

The  opinions  of  English  engineers,  as  regards  this  innovation,  were  very  various 
and  very  contradictory.  The  general  correctness  of  the  views  of  those  who  ogginutwl 
it  is  now  sufficiently  established  by  experience. 

In  the  change  of  system  the  application  of  pipc-scwers  was  incidcnld  tho 
controversy  sometimes  took  the  shape  of  pipes  against  bricks,  enlisting  in  oppdsition 
aU  the  interests  connected  with  the  latter,  but  tho  true  controversy  lay  between  small 
sewers  for  drainage  only,  and  krge  sewers  for  drainage  and  entrance  aUo. 

10 
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The  «n,uUcr  sewor«  taking  the  shape  within  certain  limits  of  pipe-sewers  originated 
in  the  motives  of  econpmy.  but  their  continued  application  was  the  result  of  other 
advantageous  conditions  which  wiU  appear  as  we  proceed. 

The  ruUng  principle  iusiBtcd  on.  and  we  presume  generaUy  admitted  now,  .s  this  ; 
that  each  day's  sewerage  of  each  street,  and  of  each  dwelling,  should  be  removed  from 
the  city,  if  at  all  praetieable.  on  the  day  of  its  production  ;  that  it  should  pass  off 
before  decomposition  begins  ;  that  it  should  not  be  allowed  to  settle  and  fest^^r  m  the 
sewers,  producing  those  noxious  gases  which  are  so  prejudicial  to  health.  This  prmciple 
requires  that  the  sewerage  matter  of  any  one  day  shall  not  be  found  within  the  limits 

of  the  city  on  the  next  day. 

To  attain  this  desirable  end.  the  refuse  Iluids  of  dwelUngs  and  factories  must  be 
sufficient  in  quantity  to  float  and  carry  off  the  heavier  matters  of  sewerage.  A  liberal 
supply  of  water  must  be  within  reach  of  the  inhabitants,  and  their  habits  must  incline 
them  to  use  it  liberally.  The  water  supply  of  cities  in  om-  time  is,  at  least  double 
what  was  considered  necessary  thirty  years  ago,  and  this  favors  largely  the  change  in 
the  modes  of  sewerage  now  prevalent,  and  mainly  sustains  it.  If  the  rate  of  inclination 
of  a  sewer  is  not  flatter  than  one  foot  in  four  hundied  and  forty,  the  experience  of 
Brooklyn  and  of  other  cities  equally  well  supplied  with  water,  shows  that  the  fluid 
domestic  sewerage  of  any  street  is  competent  to  carry  off  daily  all  tlie  heavier  matters 
of  sewerage,  and  to  keep  the  drains  free  and  clean,  provided  that  the  form  of  the 
sewer  is  such  as  to  concentrate  these  sewerage  waters  as  much  as  possible. 

If  the  sewer  is  made  imnecessarily.  large,  the  depth  and  velocity  of  the  fluid 
passing  through  it  are  proportionally  reduced,  and  its  ability  to  keep  itself  clear  will 
be  couflned  to  high  rates  of  inchnation.  It  is  important,  therefore,  to  have  it  as 
small  as  the  service  to  be  requu-ed  of  it  will  admit. 

As  regards  the  necessity  of  entering  sewers,  which  was  dwelt  upon  so  much 
ten  years  ago,  the  successful  use  of  the  small  sewers  shows  that  this  necessity 
does  not  exist ;  they  have  been  found  safe  and  effective  when  properly  built,  and 
less  troublesome  as  regards  cleansing  than  the  old  sewers. 

Their  most  important  advantage,  indeed,  grows  out  of  what  was  contended  to 
be  their  gi'cat  defect,  viz. :  their  incompetency  to  receive  or  admit  of  sewerage 
deposits  or  accumvilations.  They  presuppose  the  daily  removal  of  all  sewerage 
matters  ;  aud  this  condition  is  always  necessary  to  their  efficient  operation. 

For  inclinations  less  than  one  in  four  hundred  and  forty  some  flushing  will  be 
occasionally  indispensable ;  but  to  keep  the  small  sewer  clean,  less  flushing  will  be 
requisite*  than  for  a  sewer  needlessly  large  and  therefore  admitting  of  and  inviting 
deposit  In  Brooklj-u  the  rates  of  inclination  available  for  the  small  sewers  have 
reudoivd  ivsort  to  flushing  imnccessary.  Towards  the  outlets  of  the  sewere,  upon 
the  river,  the  inclinations  are  necessarily  less  in  many  instances  than  the  limit  above 
mentioned,  and  in  such  cases  flushmg  by  means  of  tide-gates  may  hereafter  be  found 
essential,  though  thus  far  the  difficulty  has  not  been  experienced. 
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In  Chicago,  whcro  pipe-sewers  of  twelve  inches  diameter  ivre  umhI  with  nn 
incUmition  of  one  in  five  hiindreil,  ii  tank  phieod  on  wheels  has  boon  iiseil  whorv'wilh 
to  (Iviali  them  occnsionally.  \V!icre,  however,  tlio  loadore  of  tlie  (IweUing-lumseH  are 
connected  with  the  house-drains  this  precaution  has  not  been  found  nceossary.  1 
have  this  informutiou  from  Mr.  E.  S.  Cheshrough,  the  City  Kuginoor  of  ChicuRo,  whoso 
researches  and  experience  in  sewerage  matters  ai-e  well  known,  and  Imvo  boon 
always  very  obligingly  communicated. 

In  cities  where  a  sufficient  rate  of  inclination  cannot  bo  obtained,  resort  must 
bo  had  to  flushing  to  insure  the  free  action  of  the  drains.  The  city  of  Brooklyn 
is  so  happily  situated  in  this  respect  as  to  render  Uicso  artificial  aitU  unnocossary. 

The  house-sewerage  spoken  of  above  is  to  bo  undersUiod  as  not  including  any 
raiii-fiUl.  In  this  city,  and  in  all  ciUes  within  the  limits  of  grade  menUonod.  the  daily 
flow  tlu-ough  its  drains  must  be  able  to  keep  Uiem  (Vee,  independent  of  any  aid 
from  rain. 

The  point  being  conceded  that  the  greater  the  concentration  of  the  minimum 
flow  (in  other  words,  of  the  sewerage  proper)  the  greater  will  bo  ita  carrying  and 
cleansing  power  in  a  sewer  of  any  given  inclination,  and  the  concentration  being 
greater  as  the  sewer  is  smaller,  the  minimum  sizes  of  sewers  practicable  como  next 
under  consideration. 

The  conditions  governing  the  size  of  a  sewer  at  any  one  point  are  the«o  : 

1.  The  amount  of  the  sewerage  proper  passing  that  point. 

2.  The  amount  of  rain-fall  governing  that  point. 

3.  The  inclination  of  the  sewer. 

When  these  sewerage  works  were  planned  and  commenced  we  wore  dependent 
entirely  upon  English  experiments  and  Enghsh  experience  for  any  data  in  regard  to 
the  amounts  of  sewerage  per  dwelling-hoase.  or  per  city  acre,  to  be  provided  for. 
^  weU  as  for  the  amount  of  any  given  rain-storm  which  reaches  a  sewer  w.tlnn  a 
riven  time  We  are  not  in  a  better  condition  now  as  regards  any  definite  experimenU 
made  since  by  ourselves,  but  we  have  the  satisfaction  of  knowing  timt  Mr.  Adams- 
application  of  these  data  has  produced  successful  result.,  that  our  sewers,  small  as  they 
were  thought  to  be  when  adopted,  have  been  proved  to  be  abundantly  large,  w.th  but 
one  smaU  exception,  to  which  I  shaU  advert  again. 

ExperimeuU  made  upon  certain  of  the  London  sewers  showed  the  sewerage  proper 
there  to  be  4  .8  cubic  feet  per  head  per  diem  in  the  poor  districts,  and  e.ght  cub.c  f^i 
pl  head  per  diem  in  the  wealthier  district..  This  was  understood  to  melude  tl.  d^harge 
Tom  manufactories  and  ever,.hing.  except  the  rain-fall  Take  eight  cub.  feet  pc-r  head 
npr  diem  as  a  maximum. 

'  The  extremes  of  raix..DUl  mainly  detenmne  the  si^  of  -ewers,  the  household  sewerage 
becomes  a  very  smaU  item  in  comparison. 
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A  rain-atorm  of  one  inch  raiu-faU  in  one  hour  ha«  been  takea  by  Mr.  Adams  as 
tho  maximom  of  raia  to  be  provided  for.  This  occurs  very  rarely,  and  experiments  made 
olBCwhero  show  that  of  the  rain  iaUing  dm-ing  a  heavy  stoi-m  in  one  hour  not  more  than 
one  half  of  its  amount,  rarely  as  much  as  one  third,  finds  \U  way  U>  the  sewers  withm 
the  hour.  Its  progress  ft-om  the  roofs  of  houses  to  the  leaders  and  drains,  and  from 
the  surfaces  of  the  street*  to  the  gutters  at  their  corners,  consumes  necessarily  a  certain 
amount  of  time,  bo  that  the  w«tcr  will  always  be  found  aowing  in  the  streeta  for 
a  certain  time  after  tlie  rain  has  ceased  to  flow.  A  considerable  amount  of  the 
water  passes  the  gully  openings  and  flows  on  in  the  gutters  to  the  lower  parts 
of  the  city,  some  of  it  fluding  its  way  into  the  river  independent  of  the  sewers, 
and  all  of  it  consuming  time  in  the  gutter  channels. 

Mr.  Adams  estunated  that  from  these  influences,  where  one  inch  of  rain  fell  within 
one  hour,  not  more  than  one  half  of  the  resulting  quantities  of  water  reached  the  sewer 
within  the  siinio  hour ;  one  half  inch  of  rain  in  one  hour  became  therefore  the  maximum 
of  rain-fnll  as  regnrds  sewer  dimensions. 

In  searching  for  a  simple  formula  which  .shall  embody  with  sufficient  accuracy  the 
conditions  of  the  drainage  question,  and  approximate  at  the  same  time  to  the  returns 
of  English  experinientaUsts,  I  have  taken  the  rain-fall  entering  the  sewers  from  the  street 
as  equivalent  to  one  half  inch  per  hour— from  the  roofs  of  the  houses  as  equal  to  two 
thirds  of  an  inch  per  hour — the  back  yards  as  equal  to  one  (quarter  inch  per  horn- : — 
tho  result  corresponds  very  nearly  with  the  principles  kept  in  view  by  Mr.  Adams. 

The  formula  of  Mr.  Bazalgcttc,  given  by  him  in  evidence  in  1852,  uses  the  area 
of  each  case  in  acres  as  tlie  basis  of  the  sewerage  dimensions.  I  propose  to  make  the 
length  of  street  the  basis,  as  of  simpler  application,  though  its  relation  to  the  acres  of 
area  will  be  given  also. 

It  will  bo  convenient  to  follow  out  this  calculation  now. 

The  streets  in  the  city  of  Brooklyn  are  generally  sixty  feet  in  width ;  the  lots  on 
either  side  of  them  are  generaUy  one  hundi-ed  feet  in  depth.  Where  the  streets  are 
of  less  width  the  formula  will  en-  in  giving  a  Uttle  larger  dimensions  than  would  be 
strictly  necessary ;  where  they  are  of  greater  width  the  calculated  length  of  sti-eet  would 
bo  increased  accordingly  and  tlie  strict  percentage  of  the  result  applied  to  it. 

One  hundred  feet  in  length  of  a  street  will  be  taken  as  the  unit. 

Wo  have  then  for  each  one  himdred  feet  in  length  of  street,  a  width  of 
100+60  +  100=260  feet,  equivalent  to  au  area  of  twenty-six  thousand  square  feet. 

Let  tlie  houses  average  24  feet  in  width  eath  and  allow  10  inhabitants  to  each 
hoiLse.  Eight  cubic  feet  per  diem  having  been  taken  as  the  maximum  house  sewerage 
per  head  per  diem,  we  have  80  cubic  feet  per  diem  for  one  house,  and  for  the  houses 
(4.16)  on  both  sides  of  tl»e  street  on  100  feet  of  its  length,  666s  cubic  feet  in  2i 
homrs— equal  to  an  average  of  27.77  cubic  feet  per  hour  or  0.00773  cubic  feet  per 
second  ;  but  the  flow  during  eight  hours  of  the  day  has  been  found  to  be  equal  to 
1.5  tunes  litis  average  flow. 
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The  maximum  therefore  becomes  per  eccoud   0.0110 

The  area  of  100  feet  of  street  being  6,000  Bquaro  feet,  one  liiiU'  iiii'h 

of  raiu-fnll  in  one  hour  is  equal  to  per  hccoiuI  .  . .  0.0001 

Toko  the  houses  as  GO  feet  in  depth  on  each  side,  giving  au  area 
of  roof  of  12,000  square  feet,  which,  at  two  thiriis  inch  of  rain-fall 
per  hour,  equals  per  second  '.   0.1020 

There  remains  -10  feet  in  depth  of  back  yard  on  each  sido,  equal 
to  an  area  of  8,000  square  feet,  which  at  one  quarter  inch 
rain-fall  per  hour,  is  equal  to  per  second   0.0't08 

0.280a 

We  have,  then,  to  provide  for  a  flow  of  0.289  cubic  feet  per  second  IVom  every 
hundred  feet  of  street,  say  in  round  numbers  throe  tenths  (0.3)  of  a  cubic  foot  per 

second. 

Founded  on  this  standard  the  following  table  exomplifiea  the  maxinmni  rates  of 
sewer  flowage  for  given  Icngtlis  of  streets.  The  corresponding  space  in  acres  Ih 
added. 


(.RKorn  or  strebt. 
rur. 

UAXIUUM  maOHAROE  IK  OODIC 
FEET,  rxit  BECOKD. 

OOBnEHrOKDIXO  AUKl, 
IN  ACHBI. 

100 

1 

0.8 

0.&0M 

500 

1.5 

2.08 

1,000 

8 

6.00 

1,500 

4.5 

HM 

2,000 

6 

11.93 

9,000 

0 

11.00 

4,000 

12 

i9M1 

&,0Q0 

15 

S0.84 

0,000 

85.8! 

1,000 

21 

41.18 

8,000 

3  4 

41.15 

9,000 

31 

63.11 

10,000 

30 

69.M 

11,000 

88 

13,000 

30 

ll.fll 

18,000 

39 

lUS 

14.000 

H 

83,66 

15,000 

45 

H9M 

BROOKLYN   WATER  WORKS. 

The  simplest  fonn  of  Mr.  Prony's  formula  for  the  flow  of  water  in  pipes,  a. 
given  by  Mr.  Hughes,  is  F=  26.79  Vi?^  for  measures  in  metres  j  when  the  measures 
are  in  English  feet  the  expression  becomes  F=  48.49        S.   Say,  48.5 

This  simplicity,  which  is  of  great  convenience  iu  ordinary  practice,  is  not.  of  course, 
obtained  except  at  some  sacrifice  of  accuracy  ;  but  provided  that  the  error  Ues  on  the 
right  side,  extreme  accuracy  is  not  so  much  desirable  in  this  case  as  convenient 
application,  and  it  is  not  obtainable  at  present  in  this  relation. 

As  a  basis  then  to  obtain  a  formula  which  shall  give  the  diameter  of  drain  due 
to  the  maximum  discharge  for  any  given  point,  I  will  Uke  as  above, 

y=  48.5  -vTo^ 

in  which 

V  is  the  velocity  in  feet,  per  second. 
B  the  diameter  of  the  drain  or  sewer,  in  feet. 

8  the  sine  of  the  inclination,  or  ^  in  feet,  A  being  the  faU  in  feet  upon 
any  given  length  I. 

Call  m  the  discharge  in  cubic  feet  per  second,  and  the  area  being  .7854  D^,  we 
have  m 


.7850^""  ^ 


and 


m 


.7854  i^" 


=  48.5 


whence  m  =  38.08  VD  8 
and  D  = 


\^  1450  j 


In  the  flow  of  drinking  water  through  pipes,  to  which  Mr.  Prony's  researches  and 
formulas  apply,  the  velocity  of  the  water  in  the  pipe  is  greatest  at  the  source,  and 
decreases  with  the  consumption,  or,  practically,  with  the  distance  from  that  source. 

In  the  case  of  sewerage  pipes,  the  case  is  somewhat  the  reverse — the  amount  of 
sewerage  water  in  the  pipes  is  least  at  the  source,  and  increases  with  the  contributions 
of  every  house-drain  and  of  every  contributing  branch  from  the  cross-streets  of  the 
parUcuhu'  basin.  Under  the  same  rate  of  inclination,  the  greater  the  mass  of  water — 
provided  that  it  is  equally  concentrated — ^the  greater  will  be  the  velocity.  The  increase 
of  velocity,  however,  due  to  this  cause,  though  sensible,  would  be  but  trifling  were 
the  flowage  of  the  contributing  branches  to  enter  the  sewer  at  about  the  same  rates 
of  velocity  as  that  prevailing  in  the  main  sewer  at  the  points  of  entrance ;  but  dui'ing 
rain-falls  they  enter  the  main  sewer  at  much  higher  rates  of  velocity,  producing  a 
movement  there  exceeding  the  velocity,  due  simply  to  the  rate  of  iucUnation  of  the 
sewer.   Hence  the  discrepancy  between  the  calculations  by  well-established  formulse 
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for  pure  water  service,  and  the  actual  velocities  of  soworagc  wuter  during  ruina,  n» 
ascerUiiiicd  by  experiment,  and  first  dwelt  upon  in  the  Engliuli  reports. 

During  the  rain-storms  the  water  f^om  tlio  roofs  uf  modern  tiouMoii  piuwH,  by 
means  of  a  tin  leader,  into  the  house-drains,  with  a  total  full  of  IVoin  thirty  lo  forty 
feet,  broken,  in  part,  by  the  bends  of  the  pipe,  but  neverlheleiw  reaching  the  street 
sewer  with  a  high  velocity.  In  older  houses,  with  sharp  roofs,  one  luvlf  of  tlio  roofage 
water  is  delivered  into  the  street,  the  back  half  reaching  the  house-drain  in  the  niaiuier 
mentioned. 

In  the  case  of  the  street,  the  storm-water  passes  into  the  gullies  at  Uio  comers  of 
the  streets,  and  thence,  with  a  fall  of  not  less  than  ton  feet  in  thirty  fcot  of  length, 
is  delivered  into  the  street  sewer.  The  velocity  of  the  water  entering  the  sewer  nnwt 
in  this  case  also  very  distinctly  exceed  the  rate  of  flow  prevalent  in  tlie  sewer  and  nuiBt 
increase  it. 

These  are  the  influences  which  produce  a  greater  rapidity  of  movement  within  tlie 
street  sewers  than  what  would  be  duo  to  the  rate  of  inclination  simply. 

It  will  be  remembered  that,  although  the  sewerago  proper  has  to  carry  along  with 
it  a  certain  amount  of  solid  matter,  which  would  necessarily  render  itii  motion  loss  rapid 
than  that  of  pure  water,  yet  that  during  rain-storins  this  material  being  but  a  very 
small  fraction  of  the  whole  flow,  becomes  unimportant. 

To  meet  the  velocities  applicable  to  sewerage  water,  the  formula  lant  obtained  must 
be  modiflcd,  and  this  can  be  done  by  changing  the  root  of  the  general  expression  for 
the  required  diameter. 

Mr.  Roe's  tables  furnish  me  with  a  means  of  making  Uiis  modification.  They  give 
the  results  of  his  experiments  and  of  his  judgment,  and  in  the  United  Suites,  so  far  as 
I  know,  have  been  taken  as  indicating  the  least  dimensions  of  acweni  which  should  bo 
used  for  any  given  area  of  city  drainage.  In  Brooklj-n  they  have  been  used  more  aa 
a  check  than  as  a  guide,  the  diameters  of  the  Brooklyn  sewers  having  been  always 
made  by  Mr.  A(fems  intentiomiUy  in  excess  of  Mr.  Iloc's  sizes.  The  opposition  to 
pipe-sewers,  and  to  what  were  then  called  smaU  sewers,  and  the  belief  by  many  of 
tieir  insufficiency,  naturaUy  led  to  the  adoption  of  sizes  greater  than  what  would  have 
been  considered  necessary  under  a  different  state  of  the  public  mind. 

The  foUowing  is  Mr.  Roe's  table  as  given  in  the  report  of  the  Ooneral  Board 
of  Health,  London,  1852  : 
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T^.  ^n,  ,ua,.Uy  of  co^  ^rfacefr<^  .Men  circular  se^rs  i^iH  Junction,  properly  — ^ 
iT^Zy  J,  0.  Ir  c^.-n,  fror.  a  M  of  rain  of  one  inc.  ^.e  ...  Hou^ra.^^,  ^ 
MOfrrlained  in  the  Uolhum  and  Finaburtj  Divisions,. 

mAMITKW  OF  PIPES  AND  SEWERS  IN  INCHES. 


24 

30 

3S 

48 

60 

72 

84 

96 

108 

120 

132 

144 

Aero. 

A«rM. 

Aom. 

ACTM. 

Acrai. 

Acres. 

Accca- 

Aeixa- 

Acres. 

Acre*. 

C7M 

120 

277 

670 

1,020 

1,725 

2,850 

4^25 

5,285 

7,800 

10,100 

inch  ill  10  reel,  or  1  iu  480  

43 

7S 

135 

308 

630 

1,117 

1.925 

3,025 

4.425 

6,250 

6,300 

10,760 

%  inch  in  10  fool,  or  1  ii>  Z-IO. . . . 

60 

87 

15B 

366 

735 

1.316 

2,225 

3.500 

6,100 

7,175 

9,650 

12,400 

inch  iu  10  foot,  or  1  in  160  

G3 

113 

203 

460 

960 

1,092 

2,875 

4,500 

6.575 

9,250 

12,300 

15,960 

78 

148 

267 

m 

1,200 

2,180 

3,700 

5,826 

7,650 

11.050 

14,700 

19.065 

\%  fnclioa  in  10  foot,  or  1  iu  80  -  - 

00 

1C!& 

296 

670 

1,365 

2,486 

4,226 

6,025 

2  liichoH  in  10  foot,  or  1  in  60  

116 

182 

318 

730 

1.600 

2,675 

4,550 

7.125 

I  quoto  from  Mr.  Roe's  account  of  the  formation  of  tliis  table  : 
"Tho  table  is  formed  from  results  obtained  from  observations  extending  over  a 
period  of  twenty  years  in  tlie  Holborn  and  Finsbury  divisions. 

"  In  some  instances  tbe  observations  were  cai-ried  on  during  the  whole  period  of 
heavy  rains,  being  commenced  as  each  storm  began  and  continued  until  the  eQect 
had  cooaed  in  the  sewera,  the  depth  of  water  being  taken  every  five  minutes,  and 
tlio  velocity  of  tho  current  repeatedly  not^d  at  every  depth. 

"  In  some  instances  the  observations  were  continued  day  and  night  for  several 
months  in  dillerenl  years,  aud  in  others  they  were  conducted  day  and  night  for  two 
years  ;  rain-gauges  being  kept  to  ascertain  the  depth  of  rain  that  fell. 

"  Every  jimciiou,  whether  of  sewer  or  drain,  should  enter  by  a  curve  of  sufficient 
radius.  All  turns  iu  the  sewer  should  form  true  curves,  and  as  evqn  in  these  there 
will  bo  more  friction  tlian  in  the  straight  line,  a  small  addition  should  at  curved 
points  bo  made  to  the  inclination  of  the  sewer." 

Tho  amount  of  water  reacliing  the  sewei-s  from  a  rain-fall  in  a  given  time,  will 
bo  the  greatest  on  the  steepest  streets ;  "  for  matance,  in  one  case  that  came  under 
my  notice,  when  the  general  inclination  of  the  surface  of  the  sli-eets  was  about  1  in  20, 
the  great<;st  flow  of  water  from  a  thunder-storm  came  to  the  sewer  at  the  rate  of  one 
titti'd  more  than  it  did  to  a  sewer  draining  a  similar  fall  of  rain  from  an  area  with  a 
general  sxirface  iucUnation  of  1  in  132." 

"  It  should  be  stated  that  a  margin  has  been  left  even  for  an  inch  of  rain." 
Altliough  Mr.  Roe  takes  a  rain-fall  of  one  inch  in  the  hour  as  his  standard  in 
the  above  table,  his  own  experiments  satisfied  him  tiiat  this  amount  of  water  could 
not  roach  tl\e  sewers  within  that  hour,  and  tlie  sizes  he  gives  are  expressed  as  sufficient 
to  oonvetf  atoay  the  water  coming  from  that  rate  of  rain-fall. 
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The  formula  already  given  was 


1,1450  5j 


When  this  is  made  applicable  to  acres  it  becomes 
ti  standing  for  acres.  \Mi  Sj 


to  D  =  \  r::r;cr 


When  the  last  form  of  formula  is  altered  in  its  root  to  i?  =  \^/iy()4~;^j 
will  be  found  to  approximate  very  nearly  to  the  diamotors  of  tiewera  given  in  Mr. 
Roe's  tables,  for  all  the  areas  there  given,  except  those  where  Uio  pipe  or  newer  ban 
no  inclination  and  is  termed  level.  In  efToct  no  such  oaao  oxiBts;  a  oortaiii  portion 
may  be  built  level,  as  it  sometuncs  will  bo  for  a  short  distance  near  its  outlet,  but 
the  surface  of  the  \vatcr  flowing  through  that  sewer  ia  not  level,  othorwiso  it  would 
uot  flow. 

To  simplify  the  root  of  the  formula,  and  to  iuHure  its  always  giving  remiltii 
somewhat  in  excess  of  Mr.  Roe's  sizes,  I  give  it  the  following  form : 

where  it  is  desired  to  apply  it  to  the  areas  in  acres  —  and  where  it  is  desired  to 
apply  to  the  cubic  feet  of  discharge  at  any  given  point  governed  in  itmt  case  by 
the  length  of  streets  delivering  to  that  point  as  heretofore  explained,  the  foruiula 

becomes  /    m*    \  * 

\  1450  8 1 

usmg  ^  instead  of  S,  ?  being  the  fall  in  feet  for  any  given  length  L,  thcw;  for- 

muke  become  D=  {^^^^rir)  '  ""^  1^1450//^  t^"- 

Mr.  Joseph  W.  Bazalgette,  Engineer  of  the  London  Drainage  Works,  in  his  ovidonco, 

January,  1857,  gives  the  following  as  the  formula  employed  by  him,  "  in  determining 

the  size  of  drainage  ouUfaU  sewers,"  "3  log.  A  +  log.  N  +  6.8  =  log.  of  diameUir  of 

To 

sewer  in  inches  required  to  carry  ofT  one  inch  rain  per  hour." 
A  being  acres  to  be  drained. 
N  length  in  feet  in  which  sewer  falls  one  foot 
This  differently  expressed  \b  equivalent  to 

I)  =  {A*x        6309674.)      (No.  3). 
D  being  the  diameter  in  inches. 

Preferring  to  uae  a  formula  which  I  can  trace  to  it«  origin,  I  have  taken  the 
trouble  to  work  out  the  other.  In  the  appUcation  of  cither,  the  engineer  will  always 
give  due  consideration  to  any  peculiarities  of  climate  or  details  calculated  to  produce 
data  sensibly  different  from  those  assumed  here  as  maxima.     In  some  climatM 

11 
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where  the  rain  8torn>8  are  mo,*  violent  toan  with  us,  it  may  be  necessary  to  increase 
the  allowance  for  rain  fall.  The  formula  suggested,  however,  by  an  appropnate 
alteration  of  its  root  simply,  can  be  made  to  meet  a  raiu-faU  considerably  in  e.cess 
of  the  amount  indicated  in  the  data  used  by  me  to  obtain  it,  and  also  in  excess  of 

Mr.  Roe's  allowances. 

In  the  following  table  I  have  applied  it  to  a  portion  of  the  areas  given  in 
Mr  Roe's  tables,  to  show  its  results  as  compared  with  the  sizes  given  by  him.  I 
give  also  the  sizes  for  the  same  areas  as  calculated  by  Mr.  Adams,  from  Mr.  Bazalgette's 
table. 


JUL  BOb'8  DLUWtKB  IK  DCOHM 

24. 

30. 

36. 

46. 

60. 

72. 

64 

96. 

POB  Ttll  AllKlB  W  tSBMB  UNDKIUIKXTIOKBD. 

Iiu480 

43 

75 

135 

308 

630 

1117 

1925 

3025 

Acres. 

CnloulQlod  Biio,  by  formula  No.  2. . . . 

21.7 

33.4 

40.6 

53.6 

67.9 

82.2 

98.5 

114.5 

Indies. 

"      ■'  No.3.... 

27.4 

324 

38.66 

49,6 

61.37 

72.9 

86.6 

98.2 

11 

1  in  240 

60 

67 

155 

366 

735 

1318 

2225 

3500 

AoreB. 

CnJoiilatod  uiw*  by  formulii  No.  2. . . . 

26 

31.3 

37.9 

60 

63.7 

77.4 

92.1 

107.1 

lucbea. 

.1      >i      "      "       No.  8  

26.8 

31.6 

37.6 

48.2 

60 

71.4 

83.6 

95.8 

II 

1  in  160 

63 

113 

203 

460 

950 

1692 

2875 

4500 

Acres. 

Caloululod  flixo,  by  formula  No.  2  

•  b  •  •  *  *  ■* 

26.2 

31.9 

38.8 

50.9 

64.8 

78.6 

93.8 

108.9 

InchcB. 

"             "      "        No.  3  

•  a  •  *  *  *  *  ■ 

27.5 

32.8 

39.1 

50 

62.2 

73.9 

86.7 

99.2 

II 

1  in  120 

78 

143 

257 

590 

1200 

2180 

3700 

5825 

Acres. 

Culoulatod  fliito,  by  formula  No.  2  

26.9 

32.9 

40 

52.7 

66.8 

81.5 

97.2 

113.1 

Inohes. 

■■      "      "      "       No.  8.... 

2e.s 

34.2 

40.8 

52.4 

64.8 

77.5 

90.9 

104.1 

It 

1  in  80 

90 

165 

295 

670 

1385 

2486 

4225 

6626 

Acres. 

Culoulatod  Biic,  by  fonoula  No.  2. . . , 

26.3 

32.2 

39.1 

51.4 

65.6 

79.6 

95 

110.4 

Incbes. 

  No.  3. .. . 

38.6 

34.3 

40.8 

52.2 

65 

77.4 

90.8 

103.9 

(1 

1  in  60 

115 

182 

318 

730 

1500 

2675 

4550 

7125 

Acres. 

(Uoulatoil  Aito,  by  formula  No,  2. . 

27.2 

3X.7 

38.2 

50.4 

64.2 

77.7 

92.8 

107.8 

Inches. 

"      "      "      "       No.  3. . . 

29.9 

84.3 

40.6 

62.1 

64.7 

76.9 

90.2 

103.2 

11 

The  sewer  diameters  given  by  the  formula  are  in  both  cases  greater  than  those 
given  by  Mr.  Roe  for  the  same  areas  and  inclinations  of  sewers.  Mr.  Bazalgette's 
formula  keeps  closer  to  Mr.  Roe's  dimensions  than  the  formula  given  by  me,  and 
they  both  exceed  more  in  tlie  larger  areas  than  in  the  small  ones,  which  is  so  far 
safe. 

For  largo  sewers  the  dimensions  indicated  here,  in  the  shape  of  diameters  of 
circles  would  take  in  practice  forms  of  greater  strength  and  safety. 

What  has  been  said  on  this  part  of  the  subject  though  somewhat  irrelevant  to 
the  matter  immediately  in  hand,  may  be  of  use  to  others  feeling  their  way  in  the 
same  direction.     Our  experience  in  works  of  this  kind,  in  the  United  States,  has 
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been  heretofore  limited  and  unsntiHractory.  The  works  Imill  in  Brooklyn  opcrnto  very 
successfully,  but  until  some  pain.s  hIiuU  bo  taken  to  obMorvo  and  record  for  n  wbilo, 
their  conditions  under  heav7  rain-fallB,  wo  shall  not  know  whether  the  dinionBionii 
adopted  are  just  right,  or  whetlicr  they  could  have  boon  reduced  with  wifely.  To  inHure 
their  not  being  too  small,  it  followed  almost  necessarily,  that  in  this  caao  they  should  ho 
somewhat  too  large.  I  know  of  but  one  instance  in  which,  (Vom  acoidentul  cirounnitaneus, 
a  piece  of  pipe  was  laid  in  opposition  to  Uiis  policy,  whiolt  during  a  aovero  rain- 
storm proved  to  be  too  small  for  the  sorvico  required  of  it  It  oocunt  in  Uw  baain 
of  the  sewerage  Map  A,  and  I  give  below,  as  of  interest  in  this  connection  a  tabular 
comparison  of  the  actual  dimensions  of  the  main  sower  in  this  case,  and  the 
dimensions  which  the  formula  No.  1  (siujilar  in  its  resultd  to  No.  2)  would  have 
given. 

DOail^  of  Main  Sewer  in  Map  A  and  length  of  iU  coi^rAiUing  Stnvi  BnuurhM. 


N'oinbar 
of 

BtputU  ImIIdm 

of 

Orada 

of 

Toulliosttw 

00 

Htio  ^nrM-, 

Toui  unciM 

or 

(ourinf  Ml  >i 
la  mr  or  lite 

(lOlDt. 

tail 

ItuMam 
lINterplbr 
•Mb 

pDlDl  M  pW 

•vlvma. 

fw 

Mdt  \wt,m. 

IllCllDW 

inila  wixr, 

Ukm  iMlintB. 

(lom 

III  OT>f|D. 

u  twin. 

m» 

fWL 

fMl. 

M. 

00.  n-  par  M 

1 

084 

1  iD  71 

684 

084 

3 

12 

0 

jtipi!. 

a 

800 

1  in  51.3 

984 

410 

1,394 

4  8 

15 

13 

8 

1,641 

1  in  81.1 

3,535 

8,580 

6,105 
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A  disappointment  in  inc  recoipi  m   o   - 

of  the  above  sewer  (10  x  a4)  of  brick.  The  discharge  in  column  9,  i.  obtained  from 
the  multipUcation  of  the  aggregate  length,  of  all  coutrihuling  street  «.wer.,  main  and 
branches  in  rear  of  the  given  point,  by  0.003,  or  by  0..3  for  100  feet  in  length  of  street 
as  elsewhere  explained.  The  difficulty  in  this  «!wer  occurred  between  po.nls  3  add  1 
where  a  pipe  sewer  is  laid  of  18  inches  in  di^neter.  The  formnk  requires  23  ».cl>e. 
at  this  point,  and  would  have  prescribed  a  Urger  size  for  th<,  whole  length  of  tl^ 
18.inch  pipe.  The  other  portions  of  the  «.wer  are  of  larger  -i»,  tl.„  the  formuh. 
would  require,  and  thU  U  the  case  with  aU  the  «=wer.  of  the  city  except  at  «,me  ot 
the  ouUeU,  where  the  size  determined  on  or  built  corresponds  «,n,etime.  very  clo«,ly 
with  the  size  by  this  calculation. 
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The  pipe,  generally  u,ed  in  the  Brooklyn  sewerage  works  have  been  strong  glared 
earthenware  pipes  of  twelve,  fifteen,  and  eighUen  inches  diameter.  No  pipes  of  less 
than  twelve  inches  diameter  have  been  used  for  a  street  sewer,  although  the  entermg 
sewers  from  dwellings  do  not  exceed  si.  inches  in  diameter.  The  pipes  are  of  three 
feet  in  length  each,  and  have  been  laid  with  sleeves,  by  which  a  better  jo.nt  can  be 
secured  than  with  socket  pipes.  The  necessary  branch  pipes  are  invariably  la,d  as 
the  sewer  is  buUt,  to  obviate  the  necessity  of  breaking  into  it  afterwards.  The 
branch  opening  is  covered  until  wanted. 

For  the  flow  of  sewerage  the  glazed  pipe  is  far  superior  to  the  brick  sewer,  and 
now  that  we  have  had  considerable  experience  of  them,  it  is  surprising  that  we  do  not 
venture,  as  in  England,  upon  sizes  exceeding  eighteen  inches  diameter,  up  to  twenty- 
four  inches,  at  least.    The  pipe  sewer  has  a  joint  every  thirty-six  inches ;  the  brick 
sewer  has  a  joint  every  eight  and  a  half  inches  longitndinaUy,  and  every  two  and  a 
half  inches  transversely.    These  mortar  joints  do  not  always  remain  tight.  Whether 
from  Uio  use  occasionally  of  ill-prepared  raorUir,  or  by  some  action  of  the  sewerage 
matter  on  the  mortar,  they  frequently  leak.    If  the  leakage  is  inwards  it  wiU  assist  the 
flow;  but  if  the  leakage  is  outwards,  as  will  generally  be  the  case  in  our  city,  it 
deprives  the  heavy  matter  of  the  sewerage  proper  of  ita  fluid  motor,  and  must  lead  to 
some  settlement  and  deposit  on  the  bottom,  as  a  matter  of  course.    The  leakage  is 
objectionable,  besides,  as  containing  in  some  measui-e  that  impurity  of  the  subsoil  which 
it  was  the  object  of  sewerage  works  to  correct.   In  all  tliis  the  advantage  is  entii-ely 
witli  the  pipe  sewer,  and  it  is  for  that  reason  worth  more  to  the  city  than  a  brick 
pipe  of  the  same  size,  and  a  larger  price,  if  need  be,  might  well  be  paid  for  it.  The 
cheapest  mode  of  building  the  sewers  is  not,  in  my  opinion,  the  best,  while  a  more 
perfect  mode  is  within  reach  at  but  little  extra  expense.   The  roughness  of  all  brick 
sowers,  however  well  built,  as  compared  with  proper  pipe  sewers,  and  the  foothold  they 
give  to  rats,  might  well  load  us  to  dispense  with  their  use  except  for  sizes  where  the 
more  perfect  mode  becomes  impracticable  or  unsafe. 

The  value  of  the  sewers  of  either  description  depends  essentially  on  the  correctness 
of  their  lines,  and  ou  such  faithful  construction  as  will  maintain  those  lines  intact 
without  settlement  If  the  sewer  becomes  leaky  it  will  be  difficult  to  avoid  settlement 
or  distortion  of  some  kind.  Great  care  is,  therefore,  sought  to  be  taken  in  theii" 
construction,  and  in  the  stamping  and  packing  of  the  earth  around  and  over  "them 
after  they  ai"e  built.  The  leading  sizes  and  fonns  of  the  brick  sewers  ai-e  ^ven  in 
Plate  56,  to  which  the  reader  is  referred.  Man-holes  are  built  along  the  line  of  the 
sewers  at  disliuices  of  100  to  160  feet  apart,  their  shape  and  size  is  given  iu  Plate 
56.  They  are  covered  at  the  sxurface  of  the  street  witli  cast-iron  covers,  in  which 
there  are  holes  for  ventilation.  This  is  the  only  means  provided  for  the  ventilation 
of  the  sewers,  although  the  leaders  from  the  roofe  of  the  neighboring  dwellings, 
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where  these  urc  carried  into  the  hotwe-drain,  miwt,   to  itorao  extoni,   omiBt  in 
ventilatioD. 

At  the  corners  of  the  strocts  are  placed  the  gullies  by  which  the  rain-wntvr 
reaches  the  sewers,  these  giiUies  are  trapped,  as  shown  in  PUito  56,  to  rocoivo  the 
heaviest  portions  of  the  street  wnshinf^,  which  settle  in  the  trap,  aud  until  tho  trap 
is  full  caonot  reach  the  sewer.  If  the  traps  are  neglected,  the  waters  of  ruiD'Stornis 
carry  all  the  washings  of  the  neglected  streets  into  the  sewer,  at  the  riitk  of  proihiciiig 
obstructions  and  of  causing  considerable  iuconvonienco  and  exponite.  If  the  dunning 
of  the  streets  receives  reasonable  attention  fVom  the  authorities,  the  sowurM  may  be 
expected  to  perform  the  important  service  which  bclougs  to  thorn  witli  unifornt 
satisfaction. 

A  large  and  important  sewor  is  now  being  built  to  drain  a  sewerage  district  of 
two  thousand  three  hundred  acres.  The  form  and  dimensions  of  this  sower,  towarila 
its  outlet  in  the  East  river,  are  given  on  Plate  57.  AH  the  Brooklyn  main  sowers 
deliver  into  tide-water,  and  where  advantage  can  bo  taken  of  piers  at  the  point  of 
discharge,  they  are  carried  out  to  the  end  of  the  pier,  thai  tho  soworagu  waters  ntay 
reach  the  tidal  currents  and  be  carried  away  by  them.  For  tho  sowers  draining  small 
areas,  a  cast-iron  pipe  lias  been  used  to  carry  tho  sewer  to  the  end  of  tho  pier. 
Where  the  sewers  drain  large  areas,  as  in  the  case  of  tho  groat  sowor  lost 
mentioned,  this  is  not  practicable,  and  the  arrangement  for  the  torminiu  requires 
much  consideration. 

The  rise  and  fall  of  the  tides  average  five  feet.  The  bottom  of  tho  outlot  of 
the  sewer  is  generally  placed  about  a  foot  above  low  water-mark.  Tho  tide  rises  iu 
the  sewer,  and  the  sewerage  water  proper  cither  meets  still  wotor  towards  tho  outlet 
or  on  opposing  current  for  probably  eight  hours  out  of  the  twelve.  When  tho  tide 
ia  at.  its  lowest  the  sewerage  water  delivers  into  space  under  circumsUuot^H  favorable  to 
a  very  free  discharge.  Tliis  can  happen,  however,  during  not  more,  wo  Bhall  say, 
than  one  third  of  the  twenty-four  hours.  During  tho  other  two  thirds  tho  sower  is 
in  effect  obstructed  towards  its  mouth,  and  a  periodical  settlement  of  all  tho  heavier 
matters  of  sewerage  must  necessarily  have  place  there.  The  size  of  outlet  which  sliall 
best  meet  this  condition  of  tilings  requires  special  study,  and  can  only  bo  understood 
for  each  locality  after  some  experience.  Sluices  or  tide-gates  at  such  points,  and 
daUy  flushing,  wiU  be  eventuaUy  necessary  to  prevent  the  accumuUtions  of  offensive 
matter,  which,  under  a  dense  population,  would  otherwise  have  phice  there. 

To  determine  the  limit*  of  tliese  sewerage  basins,  the  whole  city  ww  carcfUUy 
leveUed  and  a  map  prepared,  showing  the  height  above  tide  of  every  street  comer 
and  occasionally  of  intermediate  points.  The  topographical  features  of  the  ground 
generally  indicated  the  outlines  of  the  basins,  but  these  were  sometimes  extended 
or  modified  to  meet  other  requirements.  The  Engineer  has  always  striven  to  carry 
the  outiet  eewers  into  the  tidal  currents,  and  to  avoid  delivering  into  eddies  or 
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docks  where  the  sewerage  matter  would  be  retained,  and  would  eventuaUy  become 

oflenHive.  .  . 

At  thi«  date  U.e  amount  of  brick  and  pipe  sewers  buUt.  in  accordance  w.th  this 

general  system  of  sewerage  for  the  city  of  Brooklyn,  is  as  follows : 

Number  of  milcB  of  18  ioch  pii«  Mwers  built   ^3.48 

16    "      "  "  .   

18   "      "  "   

„  „        24    "      "  "    ^  ^ 

u  "24    "     brick         "    • 

•I  "       86  " 


<.  >.  3.32 


I,  «  49  "      "  "  .  0-13 

II  "  48  " 

i<  "  64  " 

"  "  60  " 

,1  II  13  "      "  "    "■^'^ 

II  II  103  "      "  "  ,  0.08 

II  II  iQg  II      "  "       ....       .    0.04 


«    1.04 

u  "    0.25 

.<    1 . 15 


Total. 


The  reader  is  referred  to  the  sewerage  plan  for  the  position  and  size  of  each 
ficwer,  as  well  as  for  the  relative  positions  of  the  sewerage  basins. 

JaUBS  p.  KlRKWOOD. 

BnooRLYK,  Jamtary  84,  186&. 
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REPOKTS  BY  MECHANICAL  ENGINEERS 

ON  TUIAI£  OP  DUTY 

MAr)E  IN  1857  AND  1850, 

UPON  THE 

BROOKLYN,  HARTFORD.  BELLEVILLE,  &  CAMBHIl)(iE 

PUMPING  ENGINES. 


P  II  E  V  A  T  0  II  Y . 


FEBRUARY,  1800. 

Tub  reports  which  follow  are  printed  by  order  of  Iho  Board  of  Water  Com- 
missioners,  both  as  presenting  information  of  special  interest  to  their  fuUow-citizemi 
and  as  contributions,  which  they  have  not  felt  at  Uborty  to  witlihold,  toward  ihu 
elucidation  of  a  subject  rendered  fVequeutly  obscure  to  the  general  remh-r,  more 
by  the  unreasonable  claims  and  assertions  of  inventors  and  exports  limn  by  Uio  iuhoroul 

difficulties  of  the  subject  itself. 

The  causes  which  led  to  the  experimental  cxammation  of  other  pumping  engines 
than  our  own  may  not  be  familiar  to  aU,  and  wiU  therefore  bo  briefly  stated. 

The  contract  of  H.  S.  Welles  &  Co.,  for  the  entire  works,  includes  the  construoUon 
of  two  steam-pumping  engines,  each  of  capacity  to  deUver  Urn  millions  of  Now  York 
gaUons  in  sixteen  hours  (=  22.230  cubic  feet  per  second),  under  a  lill  by  comilruction 
of  162  feet  and  through  a  3B-inch  main,  3,400  feet  in  length. 

The  contract  describes   and  specifies  a  single-acting   bcam-eugino,   of  the  kiu.l 

usually  known  as  the  Cornish  engine. 

The  capacity  of  engine  prescribed  is  unusuaUy  large.  The  diameter  of  cylinder 
required  would  exceed  that  of  any  other  pumping  engine  he«,  or  in  Europe,  except 
the  Lceghwater  engine.  The  horse-power  exceeds  any  of  these,  the  I^gbwater 
included.  Such  an  engine  of  the  Cornish  variety,  with  a  stroke  of  ten  feo^  would 
have  required  a  cylinder,  it  is  estimated,  of  126  inches  diameter,  and  a  pump  or 

plunger  of  64  inches  diameter. 

Four  of  tho  mort  prominent  machine  establishment,  of  the  eountry  (the  Novelty 
Works,  the  Hartford  Works,  the  West  Point  Foundry,  and  Morris  i  Co.  of 
PhUadelphia)  esti>natcd  severally  the  diameter  of  the  steam  cyhnder  at  111,  1^0,  136. 
and  160  inehes  ;  three  of  them  advised  againrt  the  conrtruetion  of  so  large  a 
machine,  and  advised  its  division  into  at  least  two  parts,  making  four  engine.  .nKU.ad 
of  two  On  the  other  hand,  an  engine  of  novel  construction,  combinmg  .ogemously 
certain  old  inventiom.  with  much  that  was  new,  h^  been  buUt,  and  wa.  .n  u«  at 

.  •  ^itv  with  water     This  engine  wa*  confidcnUy 

Hartford,  ConnecUcut.  supplymg  the  c.ty  with  wat^r.     in  H 

asserted  to  be  superior  both  in  action  and  economy  to  the  Coruub  engme.     It  had 
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acquired  considerable  reputation  and  notoriety  among  engineers,  and  those  interested 
in  it  preaented  strong  claims  to  be  pe,-n.it.ed  to  compete  for  a  machme  of  the 
capacity  required  for  the  Brooklyn  works. 

The  above  considerations,  and  others  of  similar  import,  induced  me  to  adme  that 
the  engineering  talent  of  the  count,y  should  be  invited  t«  compete  for  the  construct.on 
of  the  required  machine,  under  certain  restrictions,  which  will  be  best  understood  by 
reference  to  the  notice  to  machinist*  then  circulated  from  this  office,  of  which  the 
following  is  a  copy: 

"NASSAU  WATER  COMPANY,  BROOKLYN,  NEW  YORK. 

MEMORANDUM   TO  MACHINISTS 

DeMgning  to  propose  for  t?ie  Condnidim  of  the  two  Pumping  3igiim  required  on  the  ahove 

Water  Worh. 

"  The  Engines  are  proposed  to  be  of  the  Cornish  class ;  but  any  other  plan  of 
engine  may  be  submitted,  and  wiU  be  considered,  that  will  perform  the  same  duty 
as  efficiently,  and  as  economically. 

"Each  engine  must  be  competent  to  perform,  witb  ease,  the  following  duty: 
"To  deliver  into   a  reservoir,   situated    170  feet  above  the   pump-well,  teu 
millions  New  York  gaUons  daily,  in  sixteen  hours,  through  a  S6-inch  main.  5,800 

feet  in  length. 

"  The  New  York  gallon  of  water  weighs  eight  poimds. 

"  To  be  each  connected  with  not  less  than  three  boilers,  by  a  sufficient  steam- 
pipe,  &c. 

"  To  be  provided  witli  two  Wortbiugton  steam-pimips  No.  5,  properly  connected 
witli  every  boiler. 

"  To  be  provided  each  with  an  air  chamber,  built  of  boiler-plate  iron,  of  not 
less  than  4,100  cubic  feet  capacity. 

"The  person  proposing  to  build  the  engine,  may  specify  a  different-sized  air 
chamber,  or  a  stand  pipe,  if  he  consider  the  last  essential  to  the  successful  working 
of  Ids  engine,  giving  his  reasons  accordingly. 

"The  duty  of  each  engine,  with  their  boilers,  to  be  further  tested,  by  the 
standard  of  not  less  than  600,000  pounds  of  water,  raised  one  foot  high,  with  one 
pound  of  coal. 

"  Tlie  iron  and  composition  work  of  each  engine,  all  the  materials  used,  and  the 
workmanship  and  Bnish,  to  be  in  all  respects  thorough,  and  the  first  of  its  class; 
the  dimensions,  character,  power,  and  action,  of  the  separate  parts  and  conveniences, 
to  be  of  tiie  most  approved  description  in  use,  on  the  class  of  engines  required ;  and 
these  and  everything  connected  with  the  engines,  to  be  subject  to  the  inspection  and 
approval  of  the  engineer  of  the  said  Nassau  Water  Company. 


APPENDIX.  91 

"  The  builder  of  the  engine  to  furnish  everything  necessary  to  tho  placing  it  in 
position  for  work,  and  in  the  best  working  order,  except  the  stonework  of  it«  funiidutiunii, 
which  will  be  prepared  for  it,  to  suit  the  plan  adopted. 

*'  The  builder  to  deliver  and  put  up  the  engine  in  ita  proper  place,  ooniieeting  it 
with  the  36-inch  uwiin  aforesaid.  ■ 

"  Plans  in  detail  of  the  engine  proposed,  shall  accompany  each  ofler.  with  u 
description  of  the  part**,  material,  finish,  conveniences,  Ac,  understood  and  included 
in  the  offer. 

"  Oflers  and  plans  may  bo  addressed,  until  tho  first  of  October  next,  to  H.  B. 
Welles  &  Co.,  No.  4  Wall  street,  New  York,  or  to  J.  P.  Kirkwood.  Engineer.  Numuu 
Water  Co.,  Brooklyn,  New  York,  of  whom  fUrther  iuformaiiou  may  bo  obtained. 

"  One  of  the  engines  must  be  put  up,  and  in  all  respects  ready  for  the  i-etiuired 
duty,  on  or  before  the  lat  of  January,  1858,  and  the  second,  on  or  before  tho  Ist  of 
January,  1859." 

Twelve  offers  for  furnishing  tho  required  power  followed  this  notice,  founded  on 
varieties  of  single-acting  and  double-acting  beam-engines,  and  of  some  direct-action 
engines.  The  different  plans  of  these  were  careftilly  cxamineU  and  analyzed  at  my 
request,  by  Mr.  Samuel  McElroy,  who  reported  in  favor  of  the  double-acting  beam- 
engine  of  Mr.  WUliam  Wright  of  Hartford,  aa  possessing  certain  advantages  over 
aU  the  others.  ThU  itf  the  plan  of  engine  since  oouslructed,  oxaipt  that  tho 
steam  cylinder  has  been  buUt  of  90  inches  diameter  instead  of  100  inches  u>  (ir«l 
proposed. 

The  notice  to  machinists  above  referred  to.  contains  tho  following  paragraph: 
"  The  engines  are  proposed  to  be  of  the  Cornish  class  ;  hut  any  other  plan  of  engine 
may  be  submitted,  and  will  be  considered,  that  will  perform  the  same  duty  as  eirec^luully 

and  as  economically." 

To  a«cer.«in  whether  an  engine  upon  Iho  model  of  Ihe  Hartford  machine  (whiel. 
M\  claimed  for  itelf  the  precedenee),  would  perform  ^  weU  and  economically  .<  U.o 
Cornish  engine,  it  was  necessary  to  make  an  experimental  trial  of  the  two.  The 
BellviUe  engine,  aa  the  beat  specimen  of  a  CornUh  engine  in  the  UniU=d  .Stale-,  wa. 
selected  to  represent  its  class;  and  Mr.  Brevoort  and  oy«.lf  were  anthori»..d  U>  employ 
Mr  C  W  Copeland  and  Mr.  W.  E.  Worthcn,  both  well  known  me«han,cal  .M.gn.eer., 
„,  experU,  to  make  the  experiments.   Their  report  is  the  first  in  order  of  the.. 

papers.  .... 

Mr  Wortbington's  offer  to  build  a  pumping  engine  after  the  model  of  the  eng,n« 
built  by  him  for  the  Cambridge  water  works,  led,  for  the  same  reason.,  U,  an 
experimental  trial  of  that  engine,  by  Messra.  Morris  and  McElroy,  whose  report  „ 
^eond  in  order.  Mr.  McElroy  having  aftcrwarda  ma-le  a  separate  statomenl  of  tiat 
experitnent,  founded  upon  what  he  considered  a  more  correct  m«ie  than  the  ordm.ry 
onCof  estimating  the  "duty"  and  showing  .  le..  «.vor.bU,  result  than 
Join  report  with  Mr.  Morris,  .  second  trial  of  the  Cambridge  engtne  wa,  directed  ... 
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be  made  by  a  new  Board.  conBiating  of  Mr.  Frederick  Graff  and  Mr.  Erastus  W.  Smith  ; 

their  report  is  third  in  order.  „  *r  ^ 

The  Ifl^t  report  of  the  series  gives  the  result  of  a  second  trial  of  the  Hartford 
engine  made  at  the  desire  of  Mr.  Wright.  The  second  trial  was  conducted,  mth  Mr. 
Wright's  consent,  by  Mr.  Graff  and  Mr.  Worthen.  and  gives  the  roeults  by  two  modes 
of  estimating  the  fuel  consumed ;  experiment  No.  1  foUowing  what  Mr.  Wright  considered 
the  best  mode,  and  experiment  No.  2  being  in  accordance  with  that  pursued  by  Messrs. 

Copclaud  and  Worthen. 

The  reader  is  reminded  that  the  object  of  these  trials  was  to  ascertain  the 
working  merits  of  the  engines  tried,  as  compared  with  the  class  of  engine  defined  in 
the  contract.  In  no  other  way  could  the  assertions  of  the  parties  deshing  to  build 
engines  upon  these  models,  have  been  satisfactorily  confuted  or  sustained. 

The  results  furnisK  a  sufficient  basis  upon  which  to  form  a  fair  judgment,  not, 
however,  by  a  simple  comparison  of  these  results,  but  afler  some  allowance  made  for 
difference  in  size,  it  being  a  well-established  fact  that  an  engine  of  two-hundi-ed-horse 
power  will  perform  double  the  work  of  an  engine  of  one -hundred-horse  power, 
at  less  tliau  double  the  expenditure  of  fuel;  in  other  words,  will  show  a  higher 
"duty." 

The  term  "  duty"  has  been  applied  to  a  conventional  measure  of  the  economical 
value  of  an  engine,  as  regards  fuel  simply.  The  true  economic  value  must  include 
the  elements  of  first  cost,  attendance,  maintenance,  and  repairs,  as  well  as  fuel.  A  high 
duty  might  therefore  be  shown  by  an  engine  in  other  respects  deficient,  and  it  is  only 
when  all  the  characteristics  alluded  to  work  profitably  together  that  the  machine  takes 
high  rank. 

The  report  of  Messrs.  Copeland  and  Worthen  gives  various  modes  of  estimating 
tiie  "duty,"  the  most  usual  of  which  seems  to  be  that  form  of  estimatmg  it  which 
obtains  at-  the  mines,  called  in  that  report  the  Cornish  mode.  This  g^ves  the  exxffjxe 
the  fVill  stroke  of  the  pump,  without  deduction  for  leakage  and  other  losses  there,  and, 
on  the  other  hand,  gives  the  engine  no  credit  for  tlie  friction  of  the  water  in  the 
pipes.  At  the  mines  the  one  may  about  balance  the  other,  and  where  there  are  so 
many  engines  to  be  reported,  a  more  correct  mode  might  demand  a  nicety  of 
obaorvfttion  which  would  defeat  the  system  of  monthly  reports. 

In  making  "duty"  trials  of  pumping-engines  of  city  water  works,  a  different 
course  is  necessary  to  admit  of  a  fair  comparison  of  results. 

If  the  friction  of  the  main  is  not  credited  to  the  engine,  an  en^ne  which  works 
into  a  small  main  w^ill  compare  unfavorably  with  an  engine,  in  all  respects  alike, 
working  into  a  large  main.  The  results  in  this  case  would  bo  false,  as  tests  of  the 
efficioncy  of  the  machines,  and  to  make  them  true  it  is  necessary  to  include  the  work 
due  to  water  friction,  whether  that  arises  from  diflerences  in  length,  or  in  size  of  pipe, 
or  both  combined.  In  the  same  manner  the  engine  should  have  credit  only  for  the 
water  delivered  by  the  pump,  not  for  the  length  of  stroke.    In  some  pumps  the  loss 
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of  action  does  not  exceed  two  per  cent,  wtiilo  in  others  it  roRchoB  Ion  jwr  oout 
■Wliere  the  engine  pumps  into  a  reservoir  the  ftctuiil  dohvory  of  the  piim|w  per  ulroko 
can  be  ascertained  very  closely  ;  whore  this  is  not  the  case  other  modoii  of  ftppn'oiatint; 
the  losses  can  be  appUed. 

In  the  experiments  lately  made  on  the  Brookljn^  engine  my  desire  wa»  thtit  lln> 
length  of  stroke  for  the  pump  should  be  estimated  from  the  actual  dvUvory  of  \val«r 
into  the  reservoir,  and  not  by  the  measured  stroke,  but  on  obscurity  of  language  in  the 
paper  agreed  upon  between  the  parties,  as  to  the  mode  of  taking  Uw  duty,  gave  the 
referees  a  different  impression,  and  led  them  to  credit  the  ongino  witli  the  muaaurud 
stroke.  The  losses  at  the  pump  in  this  case  were  found  to  bo  but  one  and  four  Ofllu 
per  cent.,  and  the  "duty,"  with  this  correction,  would  still  liavo  exceeded  the  conlrnet 
provision. 

Messrs.  Copeland  and  Worthen  supposed  that  the  ordinary  duty  of  the  ongiui'n 
experimented  on  by  them,  might  differ  ten  per  cent,  from  their  perfMrnmnce  on  a  Hl.ort 
trial,  made  with  great  care,  under  the  eyes  of  their  respootive  builders.  Mr.  WickBlved'H 
results  show  a  larger  loss ;  caused  mainly,  however,  by  the  inferior  quality  of  coal  u<.ed 
during  the  eleven  and  a  half  years  referred  to.  Using  the  some  quaUty  of  coal  oh  in 
the  experiment,  the  dilTcrence,  as  shown  by  Mr.  Wickstcod's  statement,  would  not  have 
exceeded  five  per  cent. 

Jambs  P.  Kiukw(mjI). 


EsoiMEB'a  Omot,  Brooklys,  /Irfmwry  SO,  1880. 


/ 


REPORTS. 


jRepoH  of  Messrs.  Copdand  and  Woi-then  on  the  JtelleviUe  and  Hartford  Pumpiw/  I•^>lJiue^l. 

Jaues  p.  KiRKWooD,  Mgineer,  J.  Oarson  Brbvoobt,  Secrdary, 
Kassau  W'lti^r  ('ontpany  : 

Gentlemen:  In  accordance  with  your  note  of  Novembur  11th,  «1L,  wc  have  muilo 
triaU  of  the  actual  duty  performed  by  the  pumping  engines  at  Hartford  and  Bulli-villo, 
and  herewith  submit  the  following  report : 

Previous  to  commencing  the  trials,  due  notice  of  our  intention  waa  communicated 
to  the  engineers  of  the  different  works,  to  the  builders  of  the  onginos,  and  lo  tho 
patentee  of  the  Hartford  pumps,  with  the  suggention  that  the  machinery  should  Iw 
put  in  an  order  satisfactory  lo  themselves,  which  HUgge»tion  wan  carried  out  at 
Hartford  by  Mr.  Wright  for  Woodruff  and  Beach  ;  and  by  Mr.  Worden.  at  nell-ville, 
for  the  Cold  Spring  Works.  These  parties  were  present  ot  the  trial  of  their  respwrtive 
engines  during  the  whole  course  of  the  experiment*). 

The  experiment*,  were  conducted  aa  far  as  possible  in  Uio  same  order  and  manner 
at  both  places.  The  levels  were  taken  by  the  same  enginc9r,  Mr.  McElroy  ;  the  mime 
assistants  were  employed  as  observers,  and  in  similar  positions,  and  tixe  same  fireman 
was  employed  in  firing.  It  was  aUo  the  intention  to  have  Ui«d  exactly  simibr  coal,  but 
owing  to  the  ice  in  the  river  the  coal  shipped  to  Hartford  did  not  arrive  in  time  ;  \U 
place  was  therefore  supplied  by  purchase  from  a  yard  at  Uartford-a  similar  quality  of 
Cumberland  from  George's  Creek,  but  not  from  the  identical  mine  with  that  forwarded 
and  used  at  Belleville ;  it  was  somewhat  larger,  and  in  rather  letter  condition  than 
the  latter.  All  requisite  checka  were  appUed  to  the  obaer^ations,  and  although  drawing, 
and  dimensions  were  furnished  by  the  buUders  of  the  engines,  yet  aU  important  part* 
were  subject  to  measurement. 

DESCBIPTION    OP  W0BK8. 

At  the  Hartforf  Works  the  boiler  U  a  drop-Hue  boiler  and  very  well  elothed.  Tte 
ehimney  i.  very  high,  and  the  draft  good,  but  the  damper  i»  generally  open  but  very  l,«le. 
The  back  end  of  the  boUer  and  aU  steam  connection,  were  felted. 
The  engine  U  a  double  acting,  condenring  crank  and  l^m  engine,  with  a  ..ngle 
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cylmdor  of  32l-mcho8  diameter.  Bve  feet  stroke,  with  an  adjustable  cut-off  of  Wright's 
patent  The  injection  water  xs  tiiken  from  the  well.  There  is  a  heavy  fly-wheel  of 
twcnty.two  feet  diameter  on  the  craak-shaft.  and  power  is  communicated  by  a  p.mon 
of  twenty-fleven  teeth  on  the  end  of  this  shaft,  gearing  into  a  spur-wheel  on  either  side 
of  eighty  teeth,  and  on  each  spur-wheel  shaft  are  two  cams,  each  giving  motion  to 
a  sot  of  pumps  by  means  of  bell-cranks.  Each  set  of  pumps  consists  of  two  pistona  or 
boxes  in  one  chamber  or  cyUnder.  one  above  the  other,  the  piston-rod  of  the  upper 
one  being  a  tube,  and  the  piston-rod  of  the  lower  box  passing  through  it ;  the  valves 
are  butterfly- valves,  hinged  in  the  middle  ;  and  each  piston  commences  its  stroke  before 
that  of  the  other  has  been  completed  ;  each  commencing  its  stroke  slowly,  and 
increasing  in  a  short  space  to  its  uniform  velocity,  and  at  the  end  decreasing  for 
like  distance  till  it  stops.  Thus,  while  the  lower  box  is  rising  the  upper  is  descending 
the  water  passing  up  through  the  valves  of  the  xipper  box  ;  but  just  before  the  lower 
box  has  completed  its  up-stroke,  the  upper  box  has  completed  its  down  stroke,  and 
commences  to  rise,  the  lower  decreasing  in  velocity  and  the  upper  increasing.  And 
vice  versa,  during  the  rise  of  the  upper  box  the  lower  one  descends,  and  commences  to 
rise  in  time  to  relieve  the  upper  box  at  the  end  of  its  stroke.  Thus  the  stroke  of 
one  box  laps  on  to  that  of  the  other,  and  of  the  absolute  movement  or  .stroke  of 
172  inches  of  each  box  we  have  considered  but  16a  inches  as  effective. 

THE  MAIKS. 

The  water  is  brought  from  the  river  to  the  supply-well,  some  fifteen  feet  outside 
the  building,  by  a  pipe  two  feet  in  diameter.  The  pumps  are  arranged  in  plan  in  the 
form  of  a  rectangle  ;  a  suction-pipe  is  brought  up  on  each  side,  and  the  water  is 
deUvorcd  through  the  pumps  into  a  centi-al  rising  main,  between  the  pumps,  which  is 
sixteen  inches  in  interior  diameter,  and  is  provided  with  a  check-valve  at  the  bottom 
and  a  small  air-chamber.  In  its  route  to  the  Reservoir  it  is  laid  tlu-ough  tlie  streets 
most  couveuient,  following  their  courses  and  in  general  their  grades,  and  is  introduced 
into  the  bottom  of  the  Reservoir.  The  length  of  the  rising  main  is  about  six  thousand 
nine  hundred  feet 

The  Reservoir  is  nearly  rectangular  in  form,  witli  earth  banks  and  an  interior 
puddle-bank  of  clay :  tlie  inside  slope  is  protected  by  rubble. 

BELLEVILLE. 

The  boilers,  four  iu  nimiber.  are  of  the  usual  Cornish  pattern,  well  covered ;  the 
chimney  is  high,  and  draft  good,  and,  as  at  HarU'ord.  is  controlled  by  a  damper. 
But  tlu^  boilers  were  used  during  our  experiments. 

The  steam  connections  were  all  felted. 

The  engine  is  a  single  acting  Cornisli  engine  of  SOA  inches  diameter  of  cylinder, 
and  a  maximum  stroke  of  eleven  feet  The  cylinder  is  protected  by  a  steam  jacket ; 
the  injection  water  is  taken  from  the  rising  main. 
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The  plunger  of  the  pump  is  3-11  inches  dinmoter,  and  Uio  stroke  the  sarau  as  thut 
of  the  engine. 

The  water  is  introduced  from  the  rivor  by  a  culvert  nomo  throe  hundred  anil 
seventy-five  feet  in  longth,  into  the  supply-well,  which  is  bencntii  the  engine-luuwo. 

The  rising  main  is  thirty-six  inohoa  interior  diauiotor,  with  a  check  valve,  somo 
ten  feet  vertical  height  above  the  top  of  the  ptunp  chamhcr.  It  onton*  tho  lU'norvuir 
level  with  the  bottom,  is  turned  up  with  a  curve,  and  disohnrgcs  with  an  ovortlow  throe 
feet  below  the  top  of  the  bank.  About  tlu-eo  hundred  feet  north  of  the  Uosorvoir  there 
is  a  summit  from  which,  on  one  side  the  main  dosconda  towards  the  engine-house,  nml 
on  the  other  it  falls  about  eighteen  inches  to  the  level  of  tlio  bottom  of  the  UcHorvuir. 

The  whole  length  of  the  pipe  is  about  two  thousand  three  hundred  fuut, 

The  Reservoir  has  earthen  banks,  with  on  interior  puddle  wall,  and  lined  with 
brick  four  inches  in  thickness  laid  on  a  bed  of  cement  plaster. 


MODE  OF  CONDUCTING  EXPKIUMF.XTS. 

lIAItTPOnD. 

Previous  to  tlie  commencement  of  the  trial  Uio  boiler  wiu»  lirud  for  a  w.umderahlo 
length  of  time,  sufficient  to  thoroughly  heat  the  brickwork  and  the  ntui^k ;  Uio  lire 
was  brought  into  a  fair  average  condition,  the  height  of  water  in  the  boiler  to  llw 
proper  hne.  and  the  steam  to  its  usual  working  pressure  ;  llieso  wore  maintained  ai. 
nearly  constant  as  possible,  during  the  course  of  Uie  experiment,  and  lea  in  Uie  some 

condition  at  its  close. 

The  height  of  the  water  in  the  hoUcr  wm  taken  by  a  glaM-giuKO- 
The  coal  was  weighed,  in  lots  generally  of  two  Uundre.!  |«und.,  on  U,.U>d 
and  certiBed  to,  by  the  sealer  of  weights  and  mewiures  of  the  city. 
•  To  measure  the  quantity  of  water  evaporated  by  the  boiler,  a  tank  wa.  provided 
into  which  the  feed  water  was  delivered  and  measnrod  by  accurate  g.ugi-  atoiehed  u. 
the  tank,  and  temperature  noted ;  this  was  then  «.pplied  to  U.o  boiler  by  a  Wortlnngton 
steam  pmnp.  The  steam  from  this  pump  was  pas^-'d  through  a  coil  in  Ua.  tank, 
condensed,  and  the  water  di«:harged  outside,  m  this  way  .b..ra.:ling  alm«,t  entirely 
the  beat  used  to  drive  the  pumps,  and  restoring  it  to  Uaj  bo.lor. 

In  estimating  the  eva,K.ration  by  volumes,  this  -Warn  should  Ik,  taken  mu, 
consideration,  but  as  the  loss  in  this  way  U  triDing,  a„d  uuin.porUnt  U.  the 
comparative  values  of  the  result,  obtained  from  the  two  engines,  it  luu.  been  negleete  . 

At  the  engine,  indieator-car-ls  were  taken  every  half  hour,  in  U.e  lirst  ex,«.n„.en^ 
at  the  top  only,  but  in  the  second  experiment  at  both  ends  of  the  cylin-ler.  At  eac.h 
half  hour  also,  the  number  of  strokes  both  of  engine  and  pun,p.,  the  pressure  on  ,he 
rising  main,  the  vacuum  on  the  suction,  the  height  of  watar  .n  U«  .upply-woU.  the 
7Z  of  water  and  prea.ure  of  steam  in  the  boiler,  were  noted.    At  the  Re^rvo. 
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the  height  of  waU,r  w»a  taken  ove,^  fifteen  .ninutea.  Five  obser.era  besides  ouraelves 
were  employed;  their  watches  were  brought  to  one  staldard,  and  the  observations 

were  Bimultaneous.  ,       -  .  u„* 

It  was  the  intention  to  take  indicator  cards  from  the  rrs.ng  mam  but  U.e 
osculations  of  tl.e  piston  of  the  instrument  were  of  so  little  range  as  turn.h  but  an 
indifferent  card;  an  Ashcroft  pressure  gauge  was  therefore  substituted  from  wh.ch 
readings  were  taken.  At  a  subsequent  date  indicator-cards  were  taken  from  the 
pump  chambers;  the  water  in  the  Reservoir  and  supply-well  being  of  about  the  same 
height  aa  during  the  experiment. 


BELLEVILLE. 


The  same  com-se  was  Ibllowed  as  at  Hartford  in  mainUiining  a  constant  fire,  and 
pressure  and  height  of  wat^r  in  the  boUers  dui-ing  the  course  of  the  experiment  and 
to  its  close.  The  scales  were  tested  and  sealed  by  the  officer  from  Newark.  Identical 
arrangements  were  also  adopted  for  measuring  the  evaporating  power  of  the  boiler. 

The  water  condensed  in  the  steam  jacket  is  returned  directly  to  the  boiler,  and 
this  amount  we  had  no  means  of  measuring. 

indicator-cards  were  taken  from  the  rising  main  and  from  top  of  cyUnder  ;  the 
vacuum  beneaUi  the  piston,  the  counter,  the  length  of  stroke  of  the  pump,  the  vacuum 
in  the  suction,  the  height  of  water  and  pressure  of  steam  in  the  boUers.  and  height 
of  water  in  the  supply-well,  were  noted  every  half-hour.  The  height  of  water  in  the 
reservoir  was  taken  every  fifteen  minutes.  The  indicator-cards  from  the  rising  main 
were  taken  by  a  continuous  movement  connected  with  clockwork  ;  and  at  a  subsequent 
date  indicator-cards  were  taken,  ixs  at  Hartford,  directly  from  the  pump-chamber,  and 
also  vacuum  cards  from  beneath  the  piston  of  the  engine,  to  ascertain  the  action  of 
the  lower  valve. 

During  tlie  second  eKpcriment  at  Belleville,  tlie  cool  being  exposed  to  the  rain, 
became  wet ;  at  10.80  a.  m..  319  pounds  of  coal  were  weighed  and  placed  in  the  fire-box 
of  the  boiler  not  in  use.    At  the  conclusion  of  the  experiment,  2.30  p.  m.,  it  was  drawn, 

■ 

and  although  not  entirely  freed  from  moisture,  the  same  coal  weighed  but  300  pounds ; 
C.3  per  cent*  liave  therefore  been  added  to  the  evaporation  and  duty.  The  injection- 
wnter  at  Bellenlle  was  taken  from  tlie  main,  but  having  no  means  of  estimating  it 
accurately,  it  is  not  included  in  tlie  duty  as  given  in  the  above  table. 
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hM. 
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Firit .... 

fiO.&SS 

IID.OftS 

189.061 

Socoud  . . 

80.689 

10.160 

118.161) 

181.018 

First .... 

13,061 

06.406 

160,884 

10(1.884 

100,161 

Scomd  . . 

71.8S1 

flfl.0&8 

1 

160.08t 

104  660 

1 

The  pressures  are  converted  into  foot  by  multiplying  by  2.8. 

TABLE  IV. 

Duiies  of  the  Pumping  MacMnery  reduc^  to  a  toon  Standard  of  E.-oporatian  of  TV,,  rm.ul.  of  WaUrr  ,m 
Pound  of  Coal,  from  the  Tmperaturt  of  100  iAvnw  FahmJmt. 


SAME 

WATSB. 

WORK 

DOMI. 

Ai  rami*. 

liBMi«lbUi 

By  measure. 

05,606,448 

67.101,888 

46,861.800 

&l,'i08,8U1 

By  volumcfl. 

85,014,805 

14,406.000 

69.844,868 

10.140.800 

By  moaanrc. 

85.138,211 

10,340,813 

00.400,868 

014,44.410 

00,810.610 

B;  volumes. 

113,181,800 

08,811.030 

01,610,010 

81,110.281 

88,800,838 

K  A  M  E 

num. 

Powm  luvMa 

WOBI  DO"' 

Second  eiperiment  

By  joatanxe. 
By  vulamefl- 

91,130,188 
180.818,041 

14.181.810 
98,139,811 

18,846,038 
91,846.980 

05,816,418 
80.380>40 

11.019,618 
98,160,881 
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EXPLANATION   OP  TABLES. 

Table  I.  contains  the  evaporation  of  the   boUers  in  the  different  cxperixnenta. 
together  with  the  necefleary  description  and  dimenBions. 

Columns  1  to  9  inclusive,  are  sufficiently  explained  in  the  captions  of  the  columns. 

I„  reducing  cubic  feet  of  water  to  ponnds-coiumn  10-the  weight  of  a  cubic 
foot  at  diircrent  temperatures  has  been  taken  from  t^ble.  p.  29,  in  Francis'  "  LoweU 
nydraulio  Kxpcriments,"  or  from  an  extension  of  the  table  when  necessary. 

The  conversion  of  the  evaporations  from  the  observed  temperature  to  that  fi'om 
a  standard  of  100  degrees,  has  been  calculated  from  the  Bnghsh  Admiralty  formula: 

"1212  degrees  minus  observed  temperature,-1212  minus  standard  temperature,  x 
actual  evaporation,"  =  Evaporation  from  standard  temperature. 

Thus,  in  Ut  experiment  at  Hartford  : 

To  determine  the  evaporation  by  volumes,  we  have  determined  the  net  capacity 
of  tho  eyliuder,  and  the  clearances,  and  the  fiual  pressure,  and  have  divided  the  capacity 
by  tlte  volume  corresponding  to  the  final  pressure.  At  Belleville,  the  equilibrium- valve 
closes  before  the  completion  of  the  up-stroke,  and  a  portion  of  the  steam  is  retained 
in  the  cylinder;  this  amount  has  also  been  determined  from  indicator  cards  and  tables 
of  volumes,  and  the  amount  deducted  from  the  capacity  as  determined  above. 

The  volumes  corresponding  to  a  given  pressure  have  been  determined  from  the 
Form\ilft,  page  75,  and  tho  Table,  page  76,  of  Pambour's  "Theory  of  the  Steam 
Engine."  The  cubic  foot  of  water  thus  found  'by  the  formula  are  referred  to  an 
initial  temporatviro  of  32*,  and  to  bring  tlie  result  to  a  comparison  with  that  obtained 
by  ineasui-e,  wo  refer  it  by  the  Enghsh  formula  above  given,  to  the  same  standard  of 
ono  hundred  degrees. 

It  will  bo  observed  that  tho  evaporation  by  volumes  per  pound  of  coal,  columns  14 
and  16,  in  the  first  experiment  at  Hartford,  is  much  less  than  the  subsequent  experiments ; 
this  is  owing  to  the  less  quantity  of  steam  used  in  the  upper  end  of  cylinder,  from 
which  alone  cards  were  taken  in  the  first  experiment,  and  if  addition  were  made  in 
proportion  for  the  excess  of  steiun  absolutely  found  in  the  up-stroke  in  the  second 
experiment,  the  difference  then  in  the  evaporation  would  be  trifling. 

Table  11.  is  tho  work  done,  or  duties  in  poimds  lifted  one  foot  high  with  one 
himdrcd  pounds  of  coal. 

In  cotiimn  12  of  tlie  Bellevillo  experiments,  it  will  be  observed  that  the  average 
length  of  stroke  is  not  the  same  in  both  trials ;  the  stroke  of  the  Cornish  cn^ne  is 
not  constant  and  defined ;  it  was  therefore  necessary  to  measure  the  stroke,  which  was 
dono  by  a  sliding  gauge  every  half  hour  simultaneous  with  the  other  observations. 
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The  heights,  column  14,  are  determined  by  meoauros  rofcrred  to  a  biuw  of  Kiw 
water. 

Column  15.  The  power  exerted  upon  the  pltiton  woa  dotorniinod  iVom  Iho  uvorngi* 
pressure  taken  from  the  half-hourly  indicator  eanlH,  from  the  area  of  the  pintoii,  tlio 
length  of  stroke,  and  the  number  of  strokes  per  ono  hundred  puundii  of  uoul.  Al 
BelleriUc  the  average  pressure  above  the  equilibrium  lino  a  taken  from  the  indioator 
card8  from  the  top  of  the  cylinder,  and  the  pressure  bolow  tlio  e(iuilibrium  lino  from 
the  observed  vacuum,  and  from  indicator  carda  beneath  the  piston. 

Column  16.  Work  done  at  pumps. 

The  pressure  on  the  pump  pistons  is  determined  by  an  average  of  indicator  card* 
which  is  multiplied  by  the  area  of  the  piston,  or  plunger,  by  Uie  length  of  stroke, 
and  by  Uie  number  of  strokes  per  ono  hundred  jmunds  of  coal.  At  liarllVinl,  cards 
were  taken  above  the  upper  box,  and  between  the  boxes,  to  which  is  added  the  vacuum 
of  the  suction  pipe,  and  the  pressure  incident  to  the  diflbronco  of  level  between  viwuum 
gauge  and  indicator.  The  net  area  of  each  piston  is  multiplied  by  iU  avonigo  proMuro 
and  suction,  and  the  average  of  the  two  multiplied  by  tlio  length  of  stroke  of  oouh,  by 
the  number  of  pumps,  and  by  the  number  of  strokes  per  one  hundred  pounds  of  ooal 
consumed. 

Column  17.  Work  done  at  rising  main,  calculated  from  Uio  average  prossuro  on 
the  rising  main,  as  shown  by  a  pressure  gauge  at  Hartford,  and  by  indicator  curds 
at  BeUeviUe,  to  which  is  added  the  average  vacuum  on  the  suction,  and  Uio  prewmre 
due  to  the  difference  of  level  between  Uio  pressure  and  vacuum  guugcs.  multii.liwl 
by  the  average  net  area  of  the  pump  pistons  at  Hartford,  and  by  the  area  of  the  single 
plunger  at  Belleville,  by  the  stroke,  and  by  the  number  of  strokes  per  one  hundred 
pounds  of  coal. 

Column  18.  Effective  duty,  or  weight  of  water  delivered  at  the  Ilefwrvoir.  This 
is  the  absolute  weight  of  water  delivered  at  the  Reservoir,  obtained  by  multiplying 
the  cubic  contents  as  gauged  at  the  Reservoir,  by  the  heighti.  obtained  from  level  and 
from  observation. 

The  heights  taken  at  the  reservoir  were  observed  with  great  niccty-a  scale 
with  a  sharp  point  in  a  glass  tube  l«ing  used  at  Hartford,  and  a  hook-gauge 
(obtained  from  Mr.  Francis  of  Lowell)  at  BelleviUo. 

The  temperature  of  water  received  in  the  pump-wclhi  wai  notod.  and  found 
the  same  at  both  places-32-  Falirenheit.  The  weight  of  a  cubic  foot  is  reckoned 
at  62.375  pounds. 

The  leakage  at  the  reservoirs  was  tested,  and  an  addition  ha.  been  made  to  the 
measures  as  gauged  at  Hartford,  for  a  small  leak,  but  no  addition  l.as  been  made 
at  BeUeviUe  ;  on  the  contrary  a  smaU  amount  luu,  been  subtracted  in  tl«,  ««ond 
experiment  for  the  effect  of  rain. 
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At  3  30  A  M.,  a  fall  of  rain  commenced  and  continued  thi'oughout  the  trial ; 
this  rain-fall,  at  the  level  of  the  reservok,  was  carefuUy  ganged,  and  found  to  be 
.03  foot,  which  is,  therefore,  multiphed  by  the  area  of  the  reservoir,  and  the  amount 
deducted  from  the  contents  gauged  during  the  whole  experiment. 

Column  19  is  the  duty  according  k>  the  Cornish  rule  ;  that  is.  reckoning  each 
stroke  of  the  pump  at  the  ft.ll  tbw  of  its  piston  or  plunger,  and  makmg  no 
allowance  for  leaks  through  valves  and  pistons,  or  lap  of  strokes  at  Hartford,  or  for 

other  losses  of  any  description. 

It  will  be  observed,  upon  examination  of  Table  I.,  that  the  evaporation  per 
pound  of  coal  from  the  boUers  at  Hartford  and  at  Belleville  differs  to  some  extent, 
and  as  it  is  desii-able  to  compare  the  efficiency  of  the  maclnnery  proper,  independent 
of  the  economy  of  the  different  boUers,  Table  IV.  was  prepared,  in  which  the  absolute 
evaporation  of  the  boilers  is  eUminated,  and  the  relative  efficiency  of  the  machinery  shown. 
The  calculations  are  made  both  from  the  water  evaporated  by  measure  and  by 
volumes. 

The  table  is  calculated  thus:  a  standard  boiler  is  assumed,  the  evaporation  of 
which  is  ten  pounds  of  water  per  pound  of  coal,  and  the  evaporation  in  botli  cases 
is  brought  to  the  standard,  which  is  in  effect  assuming  that  at  both  places  the 
engines  were  suppUed  with  steam  by  boilers  evaporating  ten  pounds  of  water  per  pound 
of  coal ;  this  being  the  case,  whatever  difference  there  may  be  in  duty  is  due  to  the 
machinery  alone,  by  which  the  result  is  effected,  and  is  shown  by  a  simple  inspection 
of  the  table. 

As  the  gecond  experiment  in  both  trials  is  that  which  we  consider  the  most 
rehable,  Table  IT.  has  been  calculated  for  these  experiments  only. 

Appended  to  Table  IV.  is  a  table  showing  the  results  obtained  at  Belleville,  increased 
6.3  per  cent,  for  the  wet  condition  of  the  coal. 

With  regard  to  the  shorter  duration  of  the  experiments  at  Hartford,  there  was 
no  separate  distributing  reservoir  at  that  place,  consequently,  during  the  continuance 
of  the  experiment,  the  water  must  necessarily  be  shut  off  from  the  city,  and  of  com-se 
the  exjieriment  tried  in  the  night :  the  duration  of  the  second  experiment,  eight  and  a 
hah"  hours,  being  the  longest  time  that  the  superintendent  of  the  works  thought  it  prudent 
to  shut  off  the  supply. 

At  Belleville,  on  the  contrary,  there  was  a  large  distributing  reservoir,  independent 
of  the  receiving  reservoir,  and  the  dm-ation  of  the  trial  there  was  as  long  as  we  thought 
necessary. 

That  the  modes  of  obtaining  many  of  the  results  in  the  tables  may  be  the  better 
understood,  we  subjoin  fac-mniks  of  three  indicator  cards,  from  each  set  obtained, 
these  three  being  about  an  average  of  the  set  of  which  they  are  a  part. 

Figs.  A,  A'.  A",  show  three  cards  taken  from  the  upper  end  of  cyUnder  at  Hartford, 
and  Figs.  B,  B',  B",  three  cards  taken  at  the  same  time  (by  a  different  indicator)  from 
the  lower  end.   These  cards  require  no  explanation. 
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Figs.  C,  O,  C",  show  three  cards  taken  from  the  upper  of  the  two  pumps  at 
Hartford ;  it  will  be  observed  that  these  upper  pumps  (four  of  them)  discharge  into  a 
common  delivery  pipe,  in  which  is  a  delivery  or  check-valve,  common  to  all  the 
pumps,  heuce  these  cards  represent  very  nearly  the  pressure  within  the  rising  main. 

Figs.  D,  D  ,  D",  show  three  cards  taken  from  the  lower  pumps  at  Hartford;  it  la 
necessary  to  a  proper  reading  of  these  cards  to  recollect  the  peculiar  operation  of  the 
upper  and  lower  buckets  of  these  pumps,  as  before  described. 

Figs.  E,  E',  E",  give  three  cards  taken  from  the  upper  end  of  cyUndor  at  Belleville. 
To  obtain  a  proper  representation  of  the  action  of  the  steam  within  the  cylinder, 
it  is  necessary  to  attach  a  card  from  the  lower  end  of  cylinder  to  one  ft-om  the  upper 
end,  placing  the  atmospheric  line  of  the  one  card  upon  that  of  the  other.* 

It  should  be  observed,  that,  at  the  time  the  cards  were  taken  from  the  lower  end 
of  the  cyUnder,  the  vacuum  was  not  so  perfect  as  during  the  experiments ;  hence 
the  vacuum  line  is  not  so  far  below  the  equihbrium  line  as  it  would  be  on  a  correct 
card  taken  during  the  experiment. 

Figs.  G,  G',  show  two  cards  taken  from  the  rising  main  at  BcUeviUe,  as 
already  described;  it  wUl  be  observed  that  the  indicator  returns  partially,  but  not 
whoUy  to  the  atmospheric  line  at  the  termination  of  each  stroke;  this  effect  is  produced 
by  a  check-valve  in  the  rising  main,  placed  a  few  feet  above  where  the  indicator  was 
attached ;  this  valve  of  course  relieved  the  indicat<,r  of  the  pressure  of  all  that  portion 
of  the  column  of  water  above  the  valve,  while  the  pump  was  making  its  up-stroke. 

Figs  H  H'  are  two  cards  taken  from  the  pump  on  a  day  subsequent  to 
that  of  the  experhnent;  but,  a.  at  BeUeviUe.  the  rismg  mam  is  carried  up  through 
the  wat.r  in  the  receiving  reservoir  to  a  point  above  it.  Mghest  level,  the  head  upon 
the  pump  thus  always  remaining  the  same;  that  portion  of  the  card  above  the 
atmospheric  line  is  a  true  representation   of  the   resistance  above  the  pump  at  all 

As  there  was  a  rise  and  faU  of  the  water  in  the  Bupply-well  corresponding  to 
the  rise  and  faU  of  the  tide  in  the  river,  the  vacuum  of  the  card  would  vary ;  therefore 
in  estimating  the  duty  or  work  done  at  the  pump,  the   actual  level  of  the  water 
below  the  pump  was  taien  iVom  observations  during  the  e.penments,  mstead 
takine  the  vacuum  as  shown  by  the  pump  cards. 

During  the  course   of  these   experiment,  there   was   undoubtedly  more  care  m 
fi„„g   and  more  attention  given  to  the  condition  of  the  machinery,  -"^  ^ 

le  in  ordinary  daUy  work,  and  we  are  of  the  opiumn  ^^^^ 
a  deduction  of  ten  per  <.nt.  should  be  made  from  the  result  set  forth  by  he  tables 
to  obtain  a  fair  representation  of  the  duty  in  their  reg>ilar  ordmary  operafon 

Twas  our  intention  in  the  report  to  have  investigated  fully  the  comparaUve  val  e 

of  Z  lolsa^^h^tw^^^ 

.  I.  U.0  pri..Ud  cuu  .  »d  .  v.cum«W      given  .og.U.0,. 

11 
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eo„*™«on>.  well  as        and  ^l";^^'^:;, 

the  supenute  dente  at  both  places  furnished  us  statements  of  the  cost   f  the  d^fi^^^e 
IcJes    foundations,  and  structures,  but  on  examination,  we  find  .t  .mposs.ij  « 
retnnin   satisfactorily  what  proportion  of  the  last  two  i.ms  is  properly  chargeable  t 
le  nrachinery,  and  what  to  the  e^gencies  of  the  locality,  and  what  to  arrangement,  for 

Gxteuded  supplies.  ,  , 

Thus  at  Hartford,  the  foundations  are  upon  piles  driven  into  qmcksand,  requu-mg 
extensive  sheet  piling;  at  BellevUle,  the  foundations  are  upon  a  sandstone  ledge. 

At  Hartford,  as  the  river  is  subject  1«  Ugh  freshets,  the  pump  and  au-chamber 
well  and  engine-room,  are  protected  by  a  cm-b  of  sohd  masonry,  carried  above  the  brgh- 
water  mark  ;  no  such  precautions  were  necessary  at  BeUeville,  but  foundations  were 
there  laid  for  an  additional  engine,  looking  to  the  necessity  of  a  greater  supply  ol 
water  hereafter. 

IQ  view  of  tht^se  many  diversities,  we  have  compared  the  two  engines  commerciaUy, 
merely  with  regard  to  their  duties.  Thus,  by  reference  to  the  columns  of  work  done 
at  the  rising  main-Table  II..  experiment  2d-at  Hartford,  it  will  be  seen  that  the 
duty  is,  in  round  numbers,  sixty-two  miJUous  ;  at  BeUeviUe-2d  experhnentr-with  the 
addition  for  the  condition  of  the  coal,  seventy-two  miUions. 

If  we  estimate  tiie  value  of  coal  dehvered  at  the  works  at  $6  per  ton  of  2,240 
pounds,  then  the  cost  of  one  hundred  milhons  of  duty  would  be  at 

Hartford   $0,432 

BeUeville   $0.S72 

Or,  in  favor  of  Belleville  06  per  one  hundred  millions  of  duty. 

Each  engine  at  Brooklyn  is  reqiured  to  raise    ten  millions  of  gallons,  of  eight 
pounds  each,  170  feet  high,  per  day,  or 

13,600  millions  of  duty. 
Add  for  friction  of  pipe  15  per  cent   2,040       "       "  " 

15,640       "       "  " 

Hence  156.40x.06=$9.38  per  day  in  favor  of  the  BeUeville  engine,  as  applied  to 
tKtc/i  Brooklyn  engine.  The  year's  savings,  aUowing  three  hundred  working  days  to 
the  year,  would  be  $2,814  ;  or  the  interest  at  seven  per  cent,  on  $40,200,  or,  for  the 
two  engines,  as  required  by  the  contract,  $80,400. 

At  the  time  these  experiments  were  entered  upon  by  us,  we  had  great  doubt  as 
to  the  results  that  would  be  obtained,  and  knowing  there  was  a  diflerence  of  opinion 
among  engineers  and  others  in  regard  to  the  relative  efficiency  of  the  two  modes  of 
elevating  winter  for  the  supply  of  cities  and  towns,  we  endeavored  to  conduct  the 
experiments  with  the  utmost  care,  and  with  entire  impartiahty,  having  no  other  interest 
or  object  tlian  to  arrive  correctly  at  the  facts,  and  so  report  them.     For  this  reason 
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many  checks  were  provided  and  independent  observations  taken,  which  ordinarily  would 
be  considered  unnecessary  ;  we  believe  no  other  course  would  have  been  just  to 
ourselves  or  satisfactory  to  you. 

In  closing,  we  desire  to  express  our  obligations  to  Mr.  McElroy,  for  the  valuable 
assistance  rendered  by  him,  both  in  observations  and  calculations ;  to  the  Wator 
Commissioners,  engineers,  and  others  connected  with  the  works ;  particularly  to  Mr. 
Bissell,  the  Superintendent  of  the  works  at  Hartford,  and  to  Mr.  Bailey,  Superintendent 
of  the  Jersey  City  Water  Works,  for  the  promptness  with  which  every  facility  was 
given,  and  assistance  furnished  for  the  prosecution  of  the  experiments,  and  the  more 
so,  as  it  was  evidently  from  a  desire  that  no  obstacle  should  be  interposed  to  the 
attainment  of  the  desired  information. 

Respectfully  submitted. 

CHARLES  W.  COPELAND. 
W.  E.  WORTHEN. 
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Acmm„ii^  Qm  Report  on  BeJkviMe  and  Hartford  Mgir^. 
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Figures  E,  E',  E", 
Engine  Oarde— Belleville,  Steam  and  Vaci 
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Figures  G,  G',  Cards  at  Risinq  Main — Belleville. 
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Brooklyn,  A'pnl  9,  leaT- 

S,„  :  The  — gnea,  ..v,„,  an  e...inaUo„  o.'  t.e  «e  Pu^pi., 

Engine,  on  the  30th  ult,  respectfuUy  report : 

That  the  engine  and  boUer  «.ed  were  taken  warn,  with  clean  furnaces,  and  Bres 
,       t  To  T.  M    noting  the  wood  and  coal  nsed,  and  that  the   engme  wa 
tte    I       -'a    .       1  Mrty-three  pound,  of  stea»  iu  the  hoUer,  and  run  unt. 
Ts  r  1  "wi!h  tie  option  o/four  n.nute.  stoppage),  heing  run  down  fronr  the 
total  coal  used,  of  which  the  last  charge  was  put  in  at  9  : 40  p.  m. 

T       .0.  the  arin,  and  othe.  no.s  ta.eu  on  this  occasion,  we  have  dec.de 
to  asL;  the  condition  of  the  boile.  at  12:30  M.  and  9:30  .  M..  as  un.or.,  fo. 
the  basis  of  a  calculation  of  duty,  which  residt.  as  foUows  : 
^^^^   40  pounds  pressure. 

Wat^r  "^^^"^ 

p,.^^   unilbrm  condition. 

CW  consumed'         ^' '  eight  equal  charges,  of  45  pounds  each. 

put  in  at  12:30,  1:35,  2:37,  3:38, 
4:45,  5:45,  7,  and  8:20  f.  m.. 
being  360  pounds. 

Counter  (Stillman  k  Allen's)  at  12:30  1^3077 

9:30  133759 

No.  of  double  strokes  10682.  or.  ,21364  single  strokes. 

Net  area  of  plunger  156.6  sq.  in.  (rods  deducted). 

Length  of  stroke  2.181  ft. 

Actual  Uft  of  water  (taken  from  Company's  lUport)  72.29  ft. 


CALCULATION  OF  CORNISH  DUTY 

4.56  c.  ft.x62.38  lbs.xl0682  8trokesx72'.29 


=  61,015,243 


3.6  bushels  of  100  lbs. 

CALCULATION  OF  DUTY  AT  DELIVERY. 

150.6  sq.  in. x2'.181x 36.15  lbs.x5934.44  strokes  per  100  lbs.  coal=70,463,750  fl.  lbs. 

The  average  pressui-e  of  the  Ashcroft  Gauge  on  the  dehvery  was  31.9  lbs. 

Average  suction  by  indicator   ^•2<^ 

Totalload  ">s. 
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The  calciUatious  of  duty  are  based  on  the  notes  to  Table  11.,  Report  of  Mosara. 
Copeland  and  "Worthen,  in  which  no  allowance  is  made  for  loss  of  action  of  tlie  pumps, 
and  the  weight  of  water  is  the  same  as  used  by  them,  62.38  pounds ;  we  also 
assume  that  the  record  of  coal  confiuraptiou  is  strictly  accurate,  and  the  tire  in  the 
same  condition  at  12  : 30  m.  and  9 : 30  p.  m. 

Respectfully  yours, 

Wm.  E.  Mohris,  a  E. 
Samuel  McKlhoy,  C.  K 

Ja3.  p.  KiRKWOOD,  Esq., 

Chief  Engineer,  Brooklyn  Water  Works. 


Report  of  Messrs.  &raff  and  Smith  on  the  Cambridge  Pumping  Engine. 

Naw  YoHK,  June  29,  1857. 

The  undersigned  having  tested  the  performance  of  a  pumping  engine,  erected  at 
Cambridge,  Mass.,  for  the  water  works  at  that  place,  by  Mr.  U.  R.  Wortliington, 
herewith  submit  the  result  of  that  test,  with  the  data  from  which  it  was  deduced. 

As  it  appeared  to  be  desirable  that  the  conditions  of  the  trial  should  approach 
as  nearly  as  possible  those  of  daily  working  practice,  and  the  boilers  not  being  the 
subject  of  exclusive  test,  it  did  not  seem  essential  that  the  time  necessary  to  raise 
steam  in  them  should  be  ascertamed.  nor  the  fuel  for  that  purpose  be  noted. 

The  fires,  engine,  and  boilers,  were  put  into  fair  working  condition,  and  run  until 
the  furnaces  required  fuel;  the  amount  of  the  fuel  in  them  was  then  carefully 
estimated  from  measurement,  the  intensity  of  the  fires  closely  obsei-ved  and  the  steam 
pressure  noted,  as  also  the  level  of  the  wat^r  in  the  boilers. 

The  test  was  then  commenced,  and  continued  for  the  time  mentioned  below,  care 
being  taken,  that  the  condition  of  the  fires,  and  the  pressure  of  the  steam,  should  be  as 
near  as  possible  the  same  at  the  termination  as  at  the  commencement  of  the  trial. 

The  amount  of  load  upon  the  pump  was  ascertained  from  its  area,  and  careftilly 
observed  indications  of  an  Asheroft  pressure  gauge  placed  upon  the  deUvory  p.pe.  an 
estimated  addition  being  made  for  the  height  the  water  was  drawn  and  forced  between 
the  centre  of  the  gauge  and  the  surface  of  the  water  in  the  pmnp-weU.  the  total  pressure 
thus  obtained  being  thirty-three  pounds  to  the  square  mch. 

The  total  number  of  strokes  made  by  the  engine  amounting  to  33.G78.  were 
obtained  from  a  counter  placed  upon  it,  and  confirmed  by  the  average  of  numerous 

counts  made  during  the  trial. 

The  length  of  stroke  of  the  plunge,-  (the  average  of  thirteen  earefu.  measurement) 

was  two  and  one  sixth  feet. 

The  total  coal  consumed  was  508.5  pounds  :  the  duration  of  the  test  fourteen  hours, 

forty-sis  minutes. 

'  15 
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Then  4967.193  x  72969  ^       ^  71^278,486  pounds  lifted  one  foot  high 
508.5  pounds. 

with  one  hundred  pounds  of  coal.  ^ 
permanent  position,  examined  and  sealed  .  a  copy 

its  correctness  -  -PP™^^^'  „,nufacturers  after  the  trial,  and  their 

The  Ashcroft  gauge  used,  was  testca  dy  eorrection  of  this  error  has, 

certificate  of  the  amount  of  it.  error  is  also  attached  :  the  conect.on 
of  course,  heen  made  in  the  data  g.ven.  ^^^^ 
The  pump  was  opened,  and  ^^^^^^^^ ^J^Z...  and  plunger  under 
— ';rcr  r  oLiri  was  .ery  small,  that  of 

ZZ:l:U  .P--,  of  .e  plunger  — ^  ^  , 
Pffort  was  made  to  obtain  a  measurement  of  the  leservou-,  w 
f    ,   r  plihle   the  amount  of  water  actually  delivered  by  the  pump  durmg 
ir::!-  ;  found,  however,  impracticable   to  arrive  at  any  satisfactory 

2  ac  ount  of  the   .regularity  of  the  slope   sides,  the   unknow^r  vacant. 

Teld  the  stone  Ur,hrg,  the  absorbent  character  of  the  embankment,  and  the  proba- 
leakages  of  a  reservoir  of  that  size  and  description, 
t Tlping  main  is  brought  up  perpendicularly  above  the  surface  of  t  e  water 
in  the  reservoir,  which  admit.,  of  its  bemg  seen :  observation  satrsfied  us  that  he 
Lr  wls  delivered  h-om  it  wrth  great  reg.dari.y,  and  did  not  coutahr  any  undue 

amount  of  air.  ,         i  ». 

The  clotWngs  of  the  steam  pipes  and  cylinders,  although  good,   are  not  as 

strictly  guarded  in  that  respect  as  is  usual  with  the  Cornish  engines  in  England. 

Dm-mg  the  experiment  the  gauges  were  so  placed  as  to  afford  an  accurate 

•  indication  of  ftictional  resistance,  showing  that  a  head  of  6.05  feet  was  required  to 

overcome  the  friction  of  the  water  through  the  pumps  and  also  through  the  mam. 

In  other  words,  the  difference  between  the  surveyed  height  and  that  indicated  by  the 

gauge  was  6.05  feet. 

The  general  character  of  the  design  and  workmanship  of  the  engines  is  quite 
creditable,  and  they  appear  to  be  simple,  reliable,  and  durable  ;  during  the  trial 
everything  worked  satisfactorUy,  and  required  very  little  attention  from  the  Engineer. 

Frederick  Graff,  C.  E. 

Erastus  W.  Smith,  C.  E. 

To  Messrs.  J.  C.  Bbevoort, 

JUIES  P.  KiRKWOOD, 

ComwiUee. 
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This  is  to  certify  that  I  liave  tested  the  Platform  Balance  uBod  at  the  Cambridgo  Water 
WorkB,  and  find  it  perfectly  correct,  according  to  the  etate  standard. 

Cambiuiioe.  June  26,  1851.  Oko.  P.  Backcs,  Sedtn: 

BoCTON,  June  21,  1861. 

This  may  certify  that  Gauge  numbered  8368.55,  sold  J.  J.  Walworth  &  Co.,  June  26,  1851, 
was  returned  to  the  shop  of  the  American  Steam  Gauge  Co.  this  day  for  proof  of  its  correctness, 
and  found  to  vary  one  half  pound  less  than  the  true  indication.  It  is  now  made  to  indicate 
correctly.  U  K  Uooia, 

JoUN  BUNCB, 

Supte.  Am.  Steam  Qauge  Co. 


OmCB  OF  THE  WoODftCIT  AJTO  B»*OH  IBOK  WoBE*. 

Babtiobd,  Juty  i,  1867. 

JaME3  P.  KiRKWOOD,  Esq., 

Chief  Engineer,  £c. : 

D.AB  Su.  •  Understanding  that  you  have  been  farther  testing  the  working  economy  of  the  Oambndgo 
engine  I  beg  leave,  in  behalf  of  Woodruff  &  Beach  and  myself,  to  request  your  pro.ence,  aocom„.n,=d 
by  any  gentlemen  you  may  think  proper  to  select,  to  witness  a  trial  of  the  Hartford  engine,  on  any 
day,  to  be  named  by  yourself,  after  nest  Wednesday. 

The  amount  of  facts  recorded  at  the  engine-house  induces  us  to  make  this  request,  a,  they  prove 
that  the  engine  is  now  producing  a  regular  daily  duty  greater  than  ha.  ever  been  obtained  before. 
The  increase  is  due  to  lessening  the  amount  of  friction  of  the  pump-piston,  and  by  an  .mprevement  n, 
the  mode  of  packing,  discovered  by  myself.  The  change  has  only  been  n,ade  on  t.o  pump,  and  e 
engine  now  doe.  a  duty  every  day  of  seventy  millions  ,  when  the  remaming  two  pump,  undergo  the 
same  improvement,  the  duty  as  a  eouseqnenee  will  increase  in  a  l.ke  ratio. 

The  improvements  lately  made  in  the  working  apparat^  of  thi,  style  of  engme,  together  „,  h 
improvement,  in  the  method  of  packing  the  pump-piston,,  a.  alluded  .  above,  ^'^  -J-  J^^ 
in  stating  that  an  engine  on  0..  plan,  now  before  you,  would  give  a  greater  result  than  the  Hartford 

engine,  and  far  exceeding  your  standard. 

Tl.tr  compliance  with  the  above  request,  and  an  early  answer,  w,ll  confer  a  favor  on 

Yours,  sincerely, 

Willi  Ail  Wiuoht. 

It  was  agt-eod  by  Mf.  WrigM  and  myself  that  Messrs.  Graff  and  Worthen  should 
^ake  the  second  trial  of  the  Hartford  engine  suggested  above.  Their^;;^";;^^^^^^^ 


B^oH  of  Mes^s.  Graff  and  WorO^  on  Oe  BaHfard  Punning  Engim. 

Vom  Vnna    Jiilu  16. 


New  Yobk,  July  16.  »857. 


"\"trX  rcuest  of  Mr.  Wright  and  yourself,  havtng  .nade  a  trial  of 
the  engine  at  Hartford,  Ct.,  we  sub.tt  the  foUow.g  report  of  our  nrethod 

of  eouducth,g  the  experiment  -d  tb.  results  :         ^^^^  ^^^^^^^       ^  ^  ^ 

The  trial  commenced  at   10  .  ^lU  a.  m.  oi 


p.  M.  of  the  15th. 
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.      „f  fl,e  fire-box  was  found  to  be  150  (leg. 
P,e™u.  to  the  trial  tbe  te.pevatur     ^  " 
Fata.,  and  there  was  a  vacuum  m  the  bode.      ^  ^^^^^^^^^  ^^^^ 

wood,  using  about  one  sixth  of  a  eord  fo.  that  pu  P   ^  ^^^^ 
the  amount  of  si.  hundred  pounds,  when  ha.ng  ra,se    tw^    e  P  ^^^^^ 
the  boiler,  at  10 20     M.,  the  engine  was  ^-^-^-^^Xl':  l,,^,,  the 
of  the  experiment,  when  the  whole      the  jte™   »  ^^^^^  ^„ 

—  ^  7  TTr  W        1  Show  the  value  of  the 

this  manner  at  the  snggest.on  of  M,.  Wught  ^^.^^^  ^.^^ 

engine  wi,e„  working  inte— tly.    But  .n  o.       to^  aff  J  ^^^^^ 

previous  experiment,  on  this  engme,  and  on  the  engm 

2-43  P  M.  (Uth),  the   state   of  the   fires  wa,  observed,  and  at  2.35      M.  {15th), 
le  Ls  beLg  then  in  the  same  stat.,  the  number  of  strokes  of  the  pump  were 
!  orL  in  th!  interval,  together  with  the  amount  of  eoal  used.    It         be  seen,  by 
comparing  the  results  of  these  two  experiments,  that  although  the  du^  as  shown  by 
the  L  is  larger  than  for  the  whole  trial,  yet  it  is  but  a  small  percentage,  and  hat 
by  running  the  engine  thus  to  the  extreme  at  the  close,  the  value  of  the  coal  used  m 
firing  is  in  a  great  meaaure  made  available.   The  pressure  on  the  rising  mam  was 
taken  by  an  Asheroft  gauge,  just  above  the  foot-valve  ;  this  gauge  compared  w.th  a 
mercm'y  gauge  in  the  engine-room  agreed  very  nearly.    The  vacuum  was  also  taken  by 
a  gauge  on  the  suetion-pipe,  and  the  pressure  on  the  pump-pistons  is  obtamed  from 
an  average  of  the  observed  pressures  ;  the  stroke  and  size  of  the  pumps  were  obtamed 
from  Messrs.  Copeland  and  Worthen's  report: 

Average  net  area  of  pump  piston   276.0459  inches. 

Length  of  stroke  

Fu-st  experiment,  from  10:20  a.  m.  (14th)  to  4 :  7  a.  M.  (15th). 

Coal  consumed : 
Firing  wood,  equal  to  (estunated)  150  lbs.  coal. 

"     coal   COO 

Coal,  during  experiment   2400    "       "  ^^^^ 

Eesiduiun  601  lbs. 

Less  ashes  181  " 


Net  coal  consumed  2830  lbs. 

Number  of  strokes  of  pump   10292 

Average  pressure   60.92  lbs. 

Duty  per  100  lbs.  coal  66,505,469  lbs.  ft. 

Second  experiment,  from  2 : 43  p.  m.  (Uth)  to  2  :  35  a.  m.  (15th), 
llh.  52m. 
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Coal  consumed  1800  lbs. 

Strokes  of  pump  6802 

Average  pressure  .60.113 

Duty  per  100  lbs.  coal  68,974,549  lbs.  ft. 

Strokes  per  min.,  Ist  experiment  9.63 

"'     2d  "   9-68 

Average  pressure  on  boilers,  about   20 

Vacuum   27i  iu. 

Temperature  of  hot  well  102  Fahr. 

"  water  in  rivers   '^^ 

Average  lift,  about  ^20.6  ft- 

The  alterations  in  the  machinery  since  the  experiments  made  by  Messrs.  Copelaud 
and  Worthen,  are  as  follows:  the  engine  has  been  fitted  with  a  governor;  ft 
heater  has  been  introduced  into  the  exhaust,  by  which  the  feed-water  is  8upphed 
hotter  to  the  boiler;  the  clearances  in  the  cyUnders  have  been  reduced,  and  the  pump 

pistons  have  been  new  packed. 

It  was  understood  by  us  that  these  experiments  were  intended  as  a  comparison 
with  those  made  at  Cambridge  by  Messrs.  Smith  and  GrulT,  and  experUncnt  2d  was 
conducted  and  the  result,  calculated  in  the  same  way  as  by  those  gentlemen.  It  may 
not  be  amiss  to  state  that  the  draft  of  the  pattern  from  which  the  cams  were  made 
seems  to  give  a  somewhat  longer  stroke  than  that  assumed  above,  but  as  th.  was 
taken  with  g.-eat  care  from  the  machmes  in  the  previous  trial,  and  a.  the  actua 
deUvery  of  water  was  less  than  the  measured  capacity  of  the  pumps,  we  d.d  not 
feel  at  hberty  to  assume  any  other  without  testing  by  measure  and  by  uuhcator. 
as  was  done  before. 

Respectfully  submitted.. 

Feederick  Graff, 
w.  b.  woutiien. 


Eeport  of  Ues.s.  «  ^raff,         Worsen,  .a  0.  fir.i  BrooMy.  Pum^in,  En,i^. 
To  Messrs.  BrevooRT  and  Kiekwood,  Committm: 

Kirkwood,  engineer,  on  the  part  ^  ^  ^^^^^^ 

&  Co.,  contractors,  and  John  U.  liTenuce,  p 
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the  Nassau  Water  Company.    The  method  of  test  above  agreed  upon  is  a  usual  one. 
and  we  consider  it  fair  and  just  to  both  pai'ties.  „  , 

The  first  experiments  were  made  in  reference  to  the  "duty"  of  the  engme 
According  to  the  contract  and  agreement:  "The  'duty'  of  the  engmes  shal 
not  be  less  than  si.  hundred  thousand  pounds  (avoirdupois)  raised  one  foot  h.gh 
with  one  pound  of  mineral  coal,  and  is  to  be  calculated  in  the  .usual  way,  as  follows: 
"The  friction  of  the  water  in  the  pipes  shall  be  ascertained  by  reliable  gauges, 
and  when  so  ascertained,  shall  be  added  to  the  weight  of  water  due  to  the  height 
between  the  pump-well  and  point  of  delivery.  The  weight  of  the  water  to  be 
taken  at  sixty-two  and  a  half  pounds  per  cubic  foot. 

"Tlie  load  on  the  pump  piston,  thus  ascertained,  multiplied  by  the  length  of 
sU-oke,  in  feet,  and  by  the  number  of  strokes,  and  divided  by  the  number  of 
pounds  of  coal  consumed  during  the  esperuuent,  equals  the  '  duty.' 

"Tliis  test,  viz.,  of  duty,  to  include  not  less  than  twenty-four  hovirs'  consecutive 
work  of  the  machine,  and  the  engme  while  under  work  shall  deliver  into  the 
reservoir  not  less  than  its  proper  proportion  of  twenty  millions  of  gallons  in  twenty- 
foin-  hours,  to  be  ascertained  by  measurement  in  the  reservoir." 

The  friction  of  the  water  in  the  main  was  ascertained  by  an  Allen  gauge  (previously 
tested),  placed  at  the  top  of  the  upper  pimip,  and  was  found,  including  the  static  pressure, 
to  be  sixty-one  pounds  to  the  square  inch,  by  an  average  ;  to  which  was  added  13.077 
pounds  for  the  difference  of  level  between  the  position  of  the  gauge,  and  the  average 
level  of  the  water  in  the  pimip-well  during  the  experiment,  or  30.26  feet  ;  making, 
therefore,  a  total  pressure  on  the  pimip-piston  of  74.077  pounds  per  square  inch. 

No  allowance  is  made  for   the  friction  of  tlie  water  through  the  pumps  and 
intermediate  pipe. 

The  diameter  of  the  lower  pump  was  found  to  be  a  little  less  than  t!iij-ty-sis  inches, 
while  the  upper  exceeded  this  measm-e  by  about  the  same  amount,  the  average  has  been 
taken  at  thu'ty-sis  inches ;  the  diameter  of  the  lower  pump  piston-rod  was  eight 
and  a  quarter  inches,  the  area  of  tMs  section  was  taken  from  that  of  the  lower  pump, 
but  there  was  no  deduction  from  that  of  the  upper  pump.  The  sum  of  the  areas 
of  the  two  pistons  is  tlierefore  1,982.3  square  inches.  And  the  load  on  the  pistons 
74.077  X  1,982.3=146,842.83  pounds. 

The  number  of  strokes  during  the  experiment  was  14,923.    The  average  length 
of  stroke,  as  taken  by  observation,  was  9.83  feet. 

In  firing,  the  engine,  after  having  been  at  work  several  hours,  was  stopped,  the 
steam  was  blown  otT  from  the  boilers,  and  the  fires  were  drawn  ;  the  fii-ing  then  com- 
menced anew,  an  account  of  the  fuel  to  the  end  of  the  experiment  was  taken ;  when 
the  engine  had  exhausted  all  the  steam,  and  stopped  of  itself,  the  grates  were  raked, 
and  the  quantity  of  coal  separate  from  cinders  and  ashes  was  ascertained,  and  this  was 
credited  to  the  coal  used  thus : 
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Wood,  1,200  lbs.,  or  equivalent  of  coal   GOO  lbs. 

Total  of  coal  fired  35,700  " 

36,300  lbs. 

Less  residuum  of  coal   ^"^^ 

Net  quantity  of  fuel  used  35,430  lbs. 

l^«i»«:?|ii|^^^=607,982  lbs.  ft.,  or  "  duty"  of  1  lb.  coal. 
The  experiments  were  commenced  Januaiy  12th,  1800,  at  11  o'clock  and  (i 
minutes  a.  m.,  and  ended  January  13th,  1  o'clock  and  U  minutes -p.  m.  Duration  of 
test  26  liours.  5  minut*;s.  The  quantity  of  water  delivered  at  the  reservoir  was 
measured  both  in  the  reservou-  itself,  and  by  a  wen-  as  it  flowed  into  the  reservoir  ; 
the  following  are  the  results ; 

By  the  reservoir  measures  15.521.719  galls. 

 15,603,117  '• 

"  weir   

The  gaUon  being  the  New  York  gaUon  of  7.8125  to  the  cubie  foot. 
By  the  requirement  of  the  contraet,  the  "duty"  wo.  to  be  600,000  lb.  feet  for 
1  lb  of  coal,  with  a  capacity  of  10,000,000  gallons  raided  into  the  reservon-  n>  2 
hour,  at  the  same  time.   It  will  be  seen,  therefore,  that  the  machine  has  comphed 
with  the  contract  requirements  of  "duty." 

It  was  impossible  for  us,  while  at  Ridgewood,  to  get  a  sealer  of  we.ght^  to 
e.amlne  the  platform  scales,  which  we  used-,  but  he  arrived  soon  ^^'^^ 
and  has  sent  a  certificate  as  follows:    "As  the  index  stood  on  my  ar  >v  1  60  lbs. 

00    indicated  on  that  index,  weighed  50  lbs.  avoirdupois."   In  our  calculat.ons  no 
r  L  has  .en  made  .  t.  d^^.  -  - 

r  :r:tr:rT:;::i"L  as  indeed  by  .e  higher,  througho. 
-  -       r  r "!r :;r .::tuo.  of  w^er  t. 

"wt:  delivered  to  be  measured  in  the  reservoir,  making  the  proper  a.lowance, 
if  any,  for  absorption,  leakage,  and  -pojat.on.'. 

The  experiments  were  commenced  January  l«h,  a 

to  January  Uth,  U  o'clock      "^11^  "  reservoir  and  weir,  with 
The  quantity  of  water  was  measured 

the  following  results: 

 10,293,102  gaUs. 

By  reservoir  measures     10,095,125  " 

"   weir  "    ^  . 
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I„  both  .eries  of  experiments,  aUowance  on  reservou-  measures,  has  been  made  o 
.bscption  leakage,  and  evaporation,  from  observations  taken  before  the  commencement 
:!d  air  the  conclnsion  of  each  test;  and  dnring  the  last  experiments,  dednctmn  was 
made  for  rain-faU  from  rain-gauge  observations. 

lu  regard  to  the  materiak  and  workmanship  of  the  machine,  the  materials  are,  as 
as  we  can  judge,  of  exceUent  quality,  and  the  workmanship  superior,  and  creditable 


to  the  builders. 

Respectfully  submitted. 


Ebastus  W.  Smith, 
Frederick  Graff, 
w.  b.  worthen. 


January  17,  I860. 


BROOKLYN  PUMPING  ENGINE. 


M-.  McElroy's  Notes  of  the  Mcperirnents  imde  to  test      DiUy,  January  12  and  13,  186( 

Jan.  12.    Engine  running  from  5  a.  m. 

10.35'  A.  M.    Hauled  fires.    Counter  560,647. 

10.40'  "  Furnaces  wooded  with  1,180  lbs.  Steam  blown  off; 
10.45'      "     Started  fires. 

11.06'      "      Started  engine.    Steam,  15  lbs.    Well,  8'  7". 
Jan.  13.     1.09'  r.   u.    Engine  stopped.    Counter  575,612.    Well,  7'  9". 

Hauled  fires  and  weighed  contents, 
Reservoir,  Jan.  12.    11.15  a.  m.     7'- 216. 

"    13.     1.15  p.  M.    10'- 789. 
Running  time — 26  h.  3  miu.  1,563  min. 
No.  of  dovlk  strokes — 14,965  ;  average  per  min.  9.57. 


QuaniUy  pumped — ^Reservoir  prism   1,943,800  c.  feet. 

Leakage     54,262  " 

Absorption   1,938  " 


Total   2,000,000  c.  feet. 

Rate  per  24  lbs  14,418,000  galls. 

Delivery  per  stroke.   1,044  " 

Capacity  "       "    (for  9'  10^')   1.062  " 

Loss  of  action   i.^g  per  ct. 

SquivakiU  lift   170  ft. 

Actual   160  " 
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Fuel  account :    Wood,  1,180  =  524  lbs.  coal. 

Coal  charged.  .35,105  " 

35,629 

"   credited.,  856 

Total  burnt.  34,773  lbs. 
Average  per  hour. .  1,331  " 

Duty:  2,000,000  c.  fl.x62.5  lbs.=125,000,000  Ibs.aTO  ft. =21,260,000,000  ft.  lbs. 
-34,773  lbs.  coal  =  611,114  ft.  lbs. 

Friction  of  engine  by  cards  83  ^  cent. 

Samuel  McEi.uoy. 
Assistant  Engineer,  B.  W.  W. 


Notes  of  Experiment  made  to  test  the  Pumpii}^  Ca^(wittj  of  the  Migine. 

Jan.  13.   5.30'  p.  m.  Fires  lighted. 

7.00'    "    Commencement  of  trial.    Well,  8' 9" 
"     14.  11.00'    "     End  of  trial.  Well,  7'4" 


Running  iime— 16  hours    

Number  of  double  strokes— 9,1  OS  ;  average  per  min  10.11 

Average  speed  for  four  hours,  per  min  

QmntU!/  pzimped—KesGWoiv  prism  1,291,216  c.  ft. 

T  1  ...  33,392  " 

Leakage  

  1,192  " 

Absorption  ^  ■ 

Total  1.325.800 

Per  16.  hours  10.357,812  galk. 

24     "    15,636,718  " 

^   ,  ,       ,   26.528  lbs. 

Coal  burned  

per  hour  (18  hours)   1.473 


Samtjel  McElboy, 
A$8i8tarU  Engineer,  B.  W.  W. 


The  Brooklyn  engiue  wa.  buUt  by  Woodruff  .  Boach,  of  Hartford  Co,^,  .ou, 
designs  by  Mr.  W..  Wrigbt,  their  Superintendent,  and  .aa  patented  by  hun,  15tb 


November,  1859. 

16 
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It  delivers  at  the  .-ate  of  ten  milliona  of  gallons  in  twenty-four  hours,  with  ease 


and  regularity. 

The  following  are  dimensions,  &c. : 


Diameter  of  cylinder,  90  inclies. 
Length  of  stroke  of  piston,  10  feet. 
Length  of  beam,  30  feet.    Weight  of  do.  25  tons. 
Height  of  centre  of  do.  above  floor,  26  feet  3  hiches. 
Number  of  pumps,  2  :  stroke  of  do.,  10  ft. 
Capacity  of  do.,  per  double  stroke,  137.657  c.  ft. 
Diameter  of  working  barrel  of  do.,  36  inches. 
Diameter  of  auxiliary  barrel  of  do.,  54  inches. 
The  valves  are  of  the  double  beat  kind. 
Double  acting  air-pumps. 

Diameter  of  do.,  3  ft. 

Stroke  of  do.,  5  ft. 

Diameter  of  au:-chamber,  78i  inches. 

Height  of  air-chamber,  25  g  ft. 

Height  of  do.  above  floor,  13  ft.  10  inchea. 

Return  di-op  flue  boilers,  three  in  number. 

Diameter  of  do.,  8  ft. 

Length  of  do.,  30  ft. 

Total  weight  of  engine,  boilers,  and  appvirtenancea,  440  tons. 

Depth  of  bottom  of  pump-well  below  floor,  37  ft.  3  in. 
Ordinary  depth  of  water  in  pump-well  when  pumping,  7  ft. 
Diameter  of  force  tube,  3  ft. 
Length  of  do.,  3,450  ft. 
Equivalent  "lift,"  170ft. 


Eeport  of  Messi'S.  Smith,  Graff,  miA  Worthm,  on  the  second  BrooJdyn  Pumpiruj  'E}iujim  at 

Ridgewood. 

Ja8.  p.  Kkkwood,  Esq., 

Chief  Eng-ineer,  Brooklyn  Water  Works  : 

Dear  Sir:  Agreeably  to  the  request  in  your  communication  of  the  21st  instant,  and 

in  conformity  with  the  agreement  between  the  parties  thereto  annexed,  we  have  made 

an  experimental  test  of  the  working  qualities  of  the  second  Ridgewood  engine  only,  the 

Prospect  Hill  engine  being  not  yet  in  condition  for  trial.    The  results  are  as  follows  : 

The  test  for  duty,  contmued  dm-ing  twenty-four  houi-s,  gave  for  the  combustion 
of  one  pound  of  coal  an  effect  of  589,854  lbs.  ft.,  or  10,146  lbs.  ft.  less  than  that  required 
by  the  contract. 
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The  test  for  capacity,  continued  during  sixteen  hours,  gave,  aa  measured  in  tho 

Reservoir  10,403,41-1  giUls. 

By  weir  10,275,164  " 

thus  complying  with  the  contract,  whatever  measures  be  adopted. 

The  experiments  were  conducted  on  the  23d  and  24tli  insts.,  upon  the  same  general 
principles  as  on  the  No.  1  engine  ;  except  that,  on  account  of  the  ftillncas  of  the  reservoir, 
and  shortness  of  time,  the  experiments  on  duty  and  capacity  were  not  entirely  distinct, 
but  some  eight  hours'  work  has  been  used  in  common  with  both  testa  ;  and  the 
principle  of  continuous  firing  has  been  adopted,  instead  of  drawing  the  fire  aa 
before. 

In  regard  to  the  character  of  the  workmanship  of  the  machine,  and  the  material 
of  its  construction,  on  the  whole,  both  are  extremely  satisfactory;  there  are  some 
minor  detaUs  which  are  deficient,  and  which  should  have  been  attended  to  previous  to 
the  trial,  but  which  may  be  easily  perfected  at  a  very  moderate  outlay.  The  engine 
has  been  used  but  nine  or  ten  days,  and  is  subject  to  all  the  disadvantages  of  new 
work  ;  we  are  confident  that,  after  having  been  used  a  longer  time,  and  with  slight 
modifications,  it  will  easily  come  up  to  the  required  test  of  duty,  and,  as  a  working 
machine,  prove  itself  superior  in  every  respect  to  the  first  engine. 

Frederick  Graff, 

W.  E.  WORTHliN, 

Erasths  W.  Smith. 

Oclobei;  1861. 


Mtes  onlM  Trudof  Eidgewood  Brufine  No.  2,  Oclobei'  23  to  25,  1861. 
The  steam  pressure   in   the  boilers  ranged  from         to  18  Iba.  ,  the  average 

pressure  was  about  15  i  lbs.  o 

Number  of  strokes  of  engine  during  sixteen  homV  tri.l  for  capacity,  from  2  P.  M. 

October  24,  to  6  a.  m.  October  25,  10,232.  ,<,,„«.„ 
The  water  was  measured  in  the  reservoir,  from  9  : 15  p.m.  October  23,  to  0  M. 
October  25,  and  at  the  conclusion  of  the  experiments  the  loss  by  leakage  waa  gauged 

I  allow  nee  made  therefor.    The  quantity  thus  measured,  as  dchvercd  .nU,  he 

II  during  the  sateen  hours,  from  2  p.  .  October  24,  to  0  .  m.  October 

1  331,637  cubic  feet  or  10,403,414  gaUs.,  N.  Y. 
'  standard,  or,  divided  by  the  number  of  strokes, 
130.144  cubic  feet  per  double  stroke, 
or  1,016.25  galls. 
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2  to  6  P.  M.,  October  24. 

Capacity  of  pumps,  a.  measured  by  weiv  :        ^^^^^         ^^^^  ^^^^^^ 

or,  1,004.22  galls. 
;  =  7.25  ft.    h  by  average  0.993. 

c.p.i..  or  — e  .a  - ,,,,  ' 

or,  1,048.98  gaUs. 

,       •     TJn  2  not  having  complied  with  tbe  contract  requiremeot 
The  Bidgewood  engmo  No.  2,  not  having       P  ^.^  ^^^^^^^ 

ror  du..,  as  by  the  report  of  the  ^^ll:^  co— ners, 

communicated  tiU  February  13. 

Report  of  Mr.  Worthm  m  the  Secord  Bid^mood  Pumping  Mgim. 
Jas.  p.  KiEKWooD,  Esq.  : 

Sm  :  In  my  previous  communication  (of  the  16th  ult.)  with  regard  to  t  e 
duty  and  capacity  of  Ridgewood  pumping  engine  No.  2,  as  tested  by  me  on  the  9th 
and  10th  uH.,  the  results  were  stated  as  follows  : 

606  613  lbs.  ft.  duty  for  every  pound  of  coal  consumed. 

10,554.102  gaUons  per  sixteen  hours  as  the  rate  of  discharge  into  the  reservo.r 
during  the  twenty-four  hours  of  trial. 
These  calcidations  were  based  on  investigations  conducted  as  in  the  previous 
experiments  on  the  No.  1  engi,«,  with  the  exception,  that  the  fii-ing  was  cont.nuous, 
and  both  duty  and  capacity  were  tested  at  the  same  time. 

The  load  on  the  pump  pistons  was  ascertained,  by  observations  on  the  gauge 
attached  permanently  to  the  rismg  main,  and  placed  beneath  the  vacuum  and  steam 
.au.es  of  the  cylinder  ;  to  which  'ls  added  the  static  pressure  due  to  the  height  of 
theVuge  above  the  average  level  of  the  water  in  the  pump-well.   The  boQers  were 
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fired  up  eavly  on  the  morning  of  the  9th,  and  the  engine  was  run  intovmittenUy 
tiU  about  12  M.,  when  evorythiug  was  ready  for  trial  ;   the  first  coal  was  weighed 
12  h.  30  m..  and  record  was  then  taken  of  every  shoveltUl  of  coal  that  was  thrown 
on  the  grates,  and  upon  what  gratis  it  was  thrown.    The  coal  was  weighed  in  lots 
of  three  hundred  pounds  each  ;  record  was  taken  of  the  time  when  each  lot  was 
cleaned  from  the  floor,  and  from  the  number  of  shovelfuls  in  each  lot,  the  weight 
of  each  shovelful  is  estimated  and  plotted  on  the  profile  hereto  annexed*  The 
horizontal  lines  represent  hours,  a  division  of  ten  to  the  hour,  or  six  minutes  U) 
each  smaU  division ;  the  perpendicular  divisions  represent  the   weight  of  coal,  one 
hundred  pounds  to  each  small  division.    By  observation  of  a  profile  thus  constructed, 
it  will  be  seen  how  much  coal  is  consumed  from  hour  to  hour,  and  with  what  care 
the  firing  was  conducted.    During  the  whole  experiment  the  Grc,  water,  and  steam, 
were  kept  as  nearly  constant  as  possible. 

The  firing  was  continued  and  coaling  noted  till  after  1  o'clock  r.  m.  on  tlie  10th 
ult  but  the  time  selected  for  the  experiment  has  been  the  twenty-four  hours,  from 
2  P  M  9th,  to  2  p.  M.  10th  ;  the  quantity  consumed  has  been  taken  fVom  the  profile. 
As  in  the  experiments  on  No.  1.  the  quantity  of  coal  in  the  ashes  and  cinder,  durmg 
the  whole  firing,  has  been  taken,  and  the  percentage  due  to  the  quantity  consumed 
during  the  test  has  been  deducted.  This,  with  a  smaU  deduction  of  coal,  for  an 
excess  of  half  an  inch  of  water  in  the  boUers.  at  2  p.  m.  10th.  over  that  at  2  p.  «. 
on  the  9th,  has  been  taken  as  the  net  consumption  on  which  the  above  calculatmn 

of  duty  has  been  based. 

As  in  these  last  test,  the  .-esponsibility  for  the  acom-acy  of  the  oxpenmouls  verted 
upon  myself  alone,  and  that  the  data  obtained  might  be  open  to  inspection  of  parfes 
not  present,  in  addition  to  observations  of  the  gauge,  cards  were  taken  from  md.cators 
at  the  top  of  both  pumps,  in  the  positions  /,  r,  shown  on  Plate  I.,  two  at  each  plaee 
every  hour  ;  a  few  of  the  cards  are  annexed,  but  the  average  was  taken  for  the 
whole  twenty-four  hours,  fifty  from  each  pump. 

From  the  average  thus  taken  the  duty  has  been  calculated,  as  will  be  explan.ed 
hereafter;  and  although  it  is  somewhat  above  the  duty  a,  established  by  the  gauge, 
and  heretofore  given,  I  think  it  is  the  more  reliable  and  correct,  as  t  e  da  a  are 
of  record  and  not  .of  observation,  and  contain  the  friction,  not  prevonsly  noted  by 

the  gauge,  of  the  main  beneath  it. 

The  loal  used  was  Buck  Mountain,  and  the  residue  of  hne  coal  wb.ch  fell  t  rough 
the  grates  unconsumed,  and  was  deducted  in  the  previous  calculation,  ha«  not  been 
dedu!ted  in  this,  as  this  residue,  although  it  might  be  useful  for  some  purposes,  wUl 
never  he  of  enough  account  to  screen  for  firing  under  these  boders.  ■ 

Idicator  carlwere^ake^at^^^ 

,le  par.id  .»  n.w  .tuch.d  to  >h.  report  of  the  Pr..p...  HiU  .ng.n.. 
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whole  U-ia.,  .nd  ™  average  of  the.  is  given  fo.  the  twent.^four  hou,.  of  the 
1  f„,.  the  pu.pc.e  of  comparing  the  stea.  load  with  that  of  the  P-P^. 
;;we..  ab.o  Ja  I  the  working  of  the  feed  and  air  punrps,  the  valve  geer.  and  fr.ct.on 

of  the  machinery.  .  .  f^„„j 

The  dunensione  of  the  pumps  were  taken  in  the  previous  tnal,  and  were  found 

to  be  thirty-six  inches  in  diameter. 

J  -.UP   1,017.88  sq.  in. 

The  area  is,  therefore   ' 

The  pump  piston-rod,  8k  diameter,  area   ^^-^^ 

Net  area  of  piston   %iA2 

From  obserrations  on  the  9th  and  10th  msts..  during  the  twenty-four  hours  : 

Average  pressure  at  lower  pump  indicator   TO-OT  lbs. 

"       vacuum         '   6.48  " 

"      pressure  at  upper  pump  indicator,  up-stroke   65.04 

<i  u  "       "         "      down-stroke..    67.01  "  . 

Counter  at  2  p.  m.  9th  inst   96,697 

2    "  10th  inst   112,183 

Number  of  double  strokes  dm-ing  the  tweuty-fom-  hours. .  15,486 

Average  length  of  stroke   9-74  feet. 

Temperature  of  water  in  pump-well   42°  Fah. 

hot  well   70"  " 

Average  pressure  in  boilers   18  lbs. 

"      temperature  ill  boilers  by  Pambour's  tables          257°  Fah. 

Water  in  boilers  at  2  p.  m.,  10th,  s  inch  higher  than  at 

2  P.  M.,  9th  inst.,  or  by  calculation  water   1,869  lbs. 

Coals  used  to  2  P.  m.,  9th  inst.,  by  profile   2,420  " 

2    "    10th  inst.,         "   41,530  " 


Coal  used  during  the  twenty-four  hours  of  test  39,110  " 

"    required  to  raise  1,869  lbs.  of  sm-plus  water  in  the 

boilers  from  70*  to  257°,        =   35  " 

Net  coal  used  during  the  twenty-four  hours' test   39,075  " 

WATER  LOAD  IN  THE  TJP-STROKB  OF  THE  STEAM  PISTON. 

The  water  above  the  lower  pump  piston  exerts  a  pressure  on  the  piston  equal 
to  the  sum  of  the  pressure,  as  shown  by  the  lower  indicator,  and  of  that  due  to 
the  height  of  the  indicator  above  the  piston  at  its  half-stroke. 

Beneath  the  piston  we  consider  the  vacuum  to  be  that  due  to  the  height  of 
the  piston  at  half-stroke  above  the  average  level  of  the  water  during  the  experiment. 
This  is  not  strictly  correct,  as   will  be  easily  understood   by  looking   at  Plate  I.  ; 
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nor  is  the  pressure  above  the  piston  at  half-stroke  exactly  that  duo  to  the  average 
load,  in  consequence  of  tlie  height  of  the  water  in  the  well ;  the  latter  is  a  little 
in  excess,  while  the  allowance  for  the  vacuum  ia  a  little  too  smull  ;  the  errors  very 
nearly  balance,  as  we  find  by  calculation. 

As  the  lower  pump  piston  is  raised,  the  upper  pump  piston  descends,  and  the 
upper  piston  rod  acts  as  a  pole  plunger,  and  displaces  water  equal  to  its  section 
multiplied  by  its  stroke,  under  an  average  pressure  equal  to  that  due  to  the  position  of 
the  piston  at  half-stroke.  This  pressure  is  determined  from  the  upper  indicator,  and  the 
height  of  the  indicator  above  the  piston  at  its  half-stroke.  Hence  we  estimate  the  pressure 
on  the  pLunp  pistons  in  the  up-stroko  of  the  engine,  as  follows : 

Average  pressure  at  lower  indicator   lbs. 

Height  of  indicator  above  piston  at  half-stroke — Plate  I. — 

10  a.  pressure,  ^  =   '^■^''^  " 

80.40  " 

80  4x964.42,  net  area  of  piston  pressure  on  top  of  lower  pump 

piston  "-eSO-ST  " 

Height  of  lower  pump  piston  at  half-stroke  above  average  level 
of  water  during  experiment   2.12  ft. 

Vacuum  due  to  this  height,  |^  =   ^-^^  1^^- 

0.92x1017.88,  area  of  bottom  of  pump  piston   ^%A6  " 

Total  load  on  lower  pump  piston   lo.nu.o- 

Average  pressure  of  upper  indicator  at  down-stroke  of  upper 

. .  fl7,01  lbs. 

pxmip  

Height  of  indicator  above  piston  at  half-stroke  1G.08  ft. 

Pressure  due  at  this  height,    ^'^^ 

Total  pressure  on  piston  at  half  stroke   73.97  lbs. 

73.97x53.46,  area  of  piston  rod   Z.Qb^AZ  s. 

Total  water  load  on  up-stroke  of  piston   82.430.25  " 


WATER  LOAD  IN  THE  DOW-STROKE  OP  THE  STEAM  PISTON. 

The  upper  pump  piston  is  "raised,  and  the  average  pressure  exerted  on  the  upper' 
surface  of  the  piston  is  estimated  as  equal  to  the  sum  of  the  pressure  a.  shown  on^he 
upper  indicator,  and  that  due  to  the  height  of  the  indicator  above  the  .p.ton  at^U- 
Ike  Beneath  the  piston  the  vacuum  is  estimated  by  the  average  vacuum,  as  shown 
o^  lower  pump  indicator,  and  the  height  of  the  piston  at  half-stroke  above  this  mdicator. 
Th  Towe  pip  piston  rod  in  the  down-stroke  of  the  engine,  is  part  y  drawn  down 
Tthe  vacuum    and  partly  forced  beneath  the  level  of  the  water  m  the  p.n.p  well. 
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neglected  as  of  too  Utile  amount. 

Average  pressure  at  upper  indicator  in  up-stroke  of  upper  ^^^^^^^^ 

pump  

Height  of  indicator  above  piston  at  half-stroke.     16.08  lbs. 

Pressure  due  to  this  height,    

72.00  " 

,   .  ,  ....  69,438.24  " 

72x964.42  net  area  of  pistou  

Average  vacuum  by  lower  indicator   G.48  lbs. 

Height  of  upper  pump  piston  at  half-stroke  above 

indicator   ^' 

Vacuum  due  to  this  height,    ^-^"^ 

8.35 

8.35x1,017.88,  area  of  bottom  of  piston   8,499.30  lbs. 

Total  load  on  upper  pump  piston   77,937.54 

"       "        lower  pump  piston  ,   78,475.82 

"       "       upper  pump  piston-rod   3,954.43 

Total  water  load  160,367.79 

The  total  water  load,  multiplied  by  the  length  of  stroke  and  by  the  number  of 
strokes,  and  the  product  divided  by  the  coal  consumed  during  the  strokes,  wiU  be 
the  duty  of  the  engine  ;  thus  : 

.^n.r.,.jBxo.7«iii»4ec  ^  619,037  lbs.  ft. 

for  each  pound  of  coal  consumed  during  the  experiment. 

Capacity  from  Messrs.  Graff,  Smith,  and  Worthen's  report  on  experiments  made 
23d  and  24th  October,  1861  :  10,403,414  gallons  discharged  into  the  reservou-  in  sixteen 
consecutive  hours. 

In  my  previous  communication,  the  test  of  capacity  was  estunated  during  the 
whole  duration  of  the  duty  test,  and  referred  to  the  required  time  of  sixteen  hours  ; 
but,  during  the  first  sixteen  hours,  the  average  number  of  strokes  and  discharge  of 
pump  was  somewhat  larger  than  the  subsequent  eight  hours. 

During  the  first  sixteen  hours  of  the  experiment  there  were  pumped  into  the 
reservoir,  as  there  measured,  10,652,366  gallons. 

For  a  number  of  liours  consecutively,  the  average  number  of  strokes  per  minute 
was  very  nearly  eleven,  or  at  the  rate  of  about  10,800.000  gallons  per  sixteen 
hours. 
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Capacity  of  pumps  per  double  stroke : 

By  calculation,  1,047.5  gallons 
Reservoir  measure,  1,022.3  giiUons. 

By  the  average  of  the  indicator  cards,  taken  from  both  ends  of  the  steam 
cylinder  every  hour  during  the  twenty-four  hours  of  the  t«8t,  the  pressure  was  fouud 
to  be  15.475  lbs. 

The  diameter  of  the  cylinder,  as  taken  from  Messrs.  WoodrutT  &  Beach's  plans, 
was  85  in.,  or  5,674.51  sq.  in,  area;  15.475X5,674.61-87.813  lbs.  average  load  on 
steam  piston  during  each  stroke. 

The  average  load  on  the  pump  pistons  is ; 

ii.o^3M_  80,184  lbs., 
or  a  little  less  than  nine  per  cent,  less  load  on  the  pumps  than  on  the  steam  piston. 
No  ^  engine  is  therefore  fully  equal  to  No.  1  in  respect  to  the  economy  of  worku.g 
and  friction  of  parts  ;  as,  in  addition  U>  the  work  done  by  No.  1,  the  feed-pump  to 
the  boilers  is  connected  with  No.  2,  while  the  feed  to  the  No.  1  boilers  is  independent 
of  the  engine   a  Guild  &  Garrison  pump  being  made  use  of  for  tins  purpose. 

By  calculation  by  volumes  from  the  steam  cards,  the  evaporation  of  the  bo.lers 
was  found  to  be  about  Si  lbs.  of  water  per  pound  of  coal;  a  result  very  nearly 
equal  to  that  found  by  Mr.  Copeland  and  my.elf  in  oux-  experiment,  on  the  Hartford 

Th!  uTurguards.  for  accuracy  in  the  CKperiments,  have  been  mode,  by  testing  and 
comparing  the  indicators  ^d  scales  ;  and  they  were  found  to  bo  in  such  condition  as  to 
require  no  correction  in  the  data  obtained.  .     ,     ^  ,  , 

The  result,  deduced.  I  trust,  will  be   found  consistent  w.th  the  data,  and  the 

method  of  the  investigation  satisfactory  to  yourself. 

Yours  truly, 

W.  E.  WoBinEN. 

February  13,  1862. 
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DESCRIPTION  OF  RIDGEWOOD  FDMPING  ENGBES. 

w     1   v,j  <>      tilan  and  eeneral  construction,  are 
The  Ridgewood  Pumping  Engmes,  Nos.  1  and  2,  m  plan       g  ^.^^j^^ 
ataost  identill,  but  differ  somewhat  in  the  detaUs  of  the  valve  gear,  and  m  the  dnnension 

"  "Jre  ,  in  outline,  a  s.eteh  of  No.  3  Pumping  Engine,  consisting 

0,  almo"  douhle-actLg  and  condensing  steam  engine  S  whose  piston  ro  J  aUae 
to  one  extremity  of  a  balanced  beam  B.  working  on  a  mam  centre  m;  »°  *  "PP" 
extremity  of  the  beam  is  attached  the  pump  rod  of  the  upper  pump,-,  wlnle  the  p.ton 
rod  of  tL  steam  engine,  extending  through  the  bottom  of  the  steam  cyhnder,  foims  the 
pump  rod  of  the  lower  pump  j,.  Both  pumps  are  single-acting  bucket  pumps  ,  the  upper  one 


drawing  its  water  directly  through  the  bucket  of  the  lower  pump,  and  the  valves  in  the 
annular  space  around  it  ;  and  the  lower  pump  dischargmg  through  the  bucket  of  the  upper 
pump  and  its  annular  space. 

The  valve  motion  is  worked  by  means  of  the  inclines  in  the  frame  a,  suspended  from 
the  beam  B,  and  the  water  cylinder  C.  The  general  position  and  connection  of  parts  can 
only  be  seen  in  the  figure,  but  all  the  details  are  illustrated  on  a  larger  scale  in  Plate  No.  35, 
and  will  be  fully  explained  hereafter.    /,  /,  represent  the  position  of  the  indicators  during 
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the  test  experiment,  and  the  figures  are  their  distances,  in  feet  and  deciniala,  from  the  valve 
Unes  of  the  upper  and  lower  pump-buckets,  when  at  the  centre  of  the  stroke,  and  of  the 
latter  above  the  average  level  of  the  water  in  the  well  during  the  experiment. 

The  air-pump  is  worked  from  a  connection  with  the  beam  B,  and  with  the  condenser 
and  pumps,  is  placed  between  two  strong  longitudinal  walls,  extending  nearly  to  the  floor, 
F,  of  the  engine  room.  The  cast  iron  frame  supporting  the  main  pillar  block,  rests  on  the 
top  of  these  walls,  and  the  steam  cylinder,  air-pump,  condenser,  and  main  pump,  are 
secured  to  strong  cast  iron  cross  girders,  giving  as  much  access  as  possible  for  the  inspection 
and  repair  of  parts.  The  hand-wheels,  for  the  control  of  the  engine,  arc  at  the  side  of  the 
cylinder,  on  the  level  of  the  floor,  F. 


VALVE  GEAR. 


In  Plate  No.  35,  is  represented  on  a  large  scale  the  gearing  for  operating  the  steam 
and  exhaust  valves  of  the  engine-the  steam  piston  is  shown  at  half-stroke  on  it.  down- 
ward movement,  the  various  parts  of  the  gear  being  drawn  in  exact  accordance  with 
that  position  and  direction,  the  upper  steam  and  lower  exhaust  valves  being  open.  On 
Plate  No.  36.  is  represented  on  a  still  larger  scale  a  horizontal  and  vertical  section  ol  the 

water  cyUnder  0.  ,       ■      ■  i 

As  already  explained,  the  frame  or  yolk  a,  with  the  incliue.,  b  and  f  on  its  8.deB, 
receives  its  motion  from  the  beam  and  moves  in  the  same  direction  a.  the  steam  p.st.M,  .uA 
ia  for  the  purpose  of  closing  the  steam  and  e^hanst  valves  ;  the  levers  c  (two)  with  the  rolls 
on  the  upper  ends  transmit  the  motion  from  the  inclines  through  the  rod  <Z,  arm  e  and 
/   rod     and  arm  A,  to  the  exhaust  valve  rock  shafV-the  e.haust  valve  bemg  closed 
when  the  lever  c  has  made  half  it.  movement,  or  reached  it.  vertical  postfon.  Iho 
steam  valves  are  closed  by  the  same  frame  or  yolk  .  through  the  rod  i  lever  arm 
rods  I.  I.  and  rock  arm  ™,  communicating  motion  to  the  closing  arm  A  of  steam  valve 
The  ciosing  arm  A  is  in  the  form  of  a  segment-the  face  being  made  of  two  curves,  h 
difference  I  their  radU  being  ju.t  e.nal  to  the  lift  of  the  steam  valve,  th,s  segment 
adjustable  by  hand-that  is,  the  closing  fa.e  can  be  brought  sooner  or  la.r  um.r  tl. 
toe  of  the  lower  lever  B  or  upper  steam  valve,  pcrformmg  the  closmg  or    cut  o«  at 

"         ^li'cylinder  C,  is  used  exclusively  .r  op..,  tbe  steam  and  exhaust  v^es, 
ana  s  furnished  1.  a  pUton,  admission  and  exhaust  por.,  ^^2^:  ^ZX 
cylinder    The  piston  rod  i.  attached  to  a  cross  head  and  connected  ^  the  leve.  C7  by 
rod%    The  admission  and  exhaust  valve  is  operated  from  the  double  curved  arm 
:         r      1.  l,»ft  F    The  slot  in  the  arm  S  is  composed  of  two  curves  jomed 

pressing  the  roll  from  one  curve  to  the  other,  .mpaitmg 
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onhe  Uve.     a.a  W  the  rod  B,  and  righ.angled  a..  /,  to  the  valve  rod  K.  It 

-  —rr  :t         -  -  .e ....  v.^ 

.  it  op  s  and  clo.es  the  eo— cation  beWeen  the  wate.  chest  an  he  nsmg  n>a^ 
:  i  erated  fron.  the  roll  levers  o.  through  the  connecting  rod  Z,  and  lever  M 
IZl  the  valve  rod ;  this  motion  to  the  supply  valve  is  .so  — .  and  rna^ 
by  the  slot  in  the  rod  L  and  lever  M.  The  ends  of  the  lo.er  levers  B  and  o  the 
s  eanr  valves  are  connected  to  weighted  plungers  if  and  N'  workmg  .u  s^all  open 
cylinders,  one  for  each  stean.  valve,  the  gravitation  of  the  weighed  plungers  open  he 
L:a  valves  through  the  rods  0.  and  lever  P.  attached  to  the  valve-stems  and  the 
time  taken  to  open  the  valves  wide-being  regulated  by  the  velocity  of  the  wa  er  forced 
out  of  the  cyUnder,  a  small  cock  being  fitted  to  each  cyUnder,  for  this  specal  adjustment. 

This  completes  the  description  of  the  various  parts  of  the  gearing  and  their  separate 
duties-  what  follows  wiU  be  an  effort  to  show  the  combined  action  of  the  whole  m 
relation  to  the  motion  of  the  steam  piston,  and  the  successful  performance  of  the  labor 
required  of  it,  hut  from  the  natui-e  and  novelty  of  the  gearing  it  is  scarcely  possible  to 
describe  it  hy  a  diagi-am  so  as  to'  be  clearly  understood  by  all  that  may  chance  to 
read  it. 

The  steam  piston  having  reached  midway  on  its  downward  stroke,  of  course  the  frame 
or  yolk  (a)  is  also  at  mid-position  in  the  same  direction,  and  the  upper  steam  valve  open 
-its  weighted  plunger  unlatched  and  at  the  bottom  of  its  cylinder  ;  the  lower  exhaust 
valve  is  also  open  leaving  free  communication  between  the  under  side  of  the  steam  piston 
and  the  condenser.    These  are  the  positions  of  the  parts  as  illustrated  on  Plate  35. 
Now,  as  the  "cuto£f"  usually   takes  place  at  or  about  haU'  stroke  in  this  engine 
—it  will  be  seen  by  reference  to  the  sketx:h  that  the  closing  part  on  the  periphery  of  tlie 
arm  A  is  just  entering  under  the  toe  Q  of  the  lower  lever  of  the  upper  steam  valve-and 
a  very  Uttle  more  movement  of  the  arm  A  wiU  close  the  valve,  that  is,  the  lower  lever 
will  be  lifted  by  the  action  of  the  arm,  transferring  its  motion  through  the  rod  0,  and 
lever  P,  to  the  valve  stem,  forcing  it  downward  and  closing  the  valve,  at  the  same  time 
the  lower  lever  B,  on  its  lift  carried  with  it,  its  weighted  plunger  to  the  top  of  its  working 
cylinder  M.    The  latch  bolt  s— shown  on  the  sketch  as  withdrawn— enters  a  socket  in 
the  plunger  by  the  action  of  the  spring  on  its  back,  and  holds  the  plunger  there  until  it  is 
time  to  open  the  upper  steam  valve  again  ou  its  next  downward  stroke— the  closing  arm 
A  moves  on  without  producing  any  further  motion  ix>  the  lower  lever  £,  its  toe  simply 
resting  on  the  curve  of  tlie  arm  as  it  passes  under  it. 

The  steam  valve  being  now  closed,  the  balance  of  the  down  stroke  is  made  by  the 
expanded  steam— the  frame  or  yolk  a  is  descending,  and  the  water  cyUnder  piston  (7  is 
at  full  stroke  toward  steam  cyUnder,  the  admission  valve  A'  of  the  former  has  just 
accomplished  its  half  movement^that  is,  it  is  square  over  its  cyUnder  ports,  as  wiU 
readily  be  understood  by  a  glauce  at  the  position  of  the  various  pai'ts  employed  in 
producing  its  motion  ;  when  the  frame  or  yolk  a  has  descended  so  that  the  lower  end  of 
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the  upper  iucline  I,  comes  in  contact  with  the  roll  i,  on  the  lever  c,  the  water-cylinder 
adniissiou  valve  K  has  eonipleted  its  movement,  opening  the  back  port  to  the  exhaiwt 
passage,  and  removing  the  wak-r  on  the  bade  of  the  piston,  and  leaving  the  front  port 
open  ready  for  the  admission  of  pressure  on  the  front  side  of  the  piston.    The  motion  of 
this  admission  valve  eeases  now.  or  at  le.^t  until  the  frame  a  ha«  arrived  at  the  same 
position  on  the  up-stroke,  when  a  similar  but  of  course  a  reverse  motion  takes  pluee. 
This  cessation  of  motion  to  the  admission  valve  is  accomplished  by  the  rock  arm  K 
havmg  moved  it«  curved  slot  over  the  roll,  the  movement  to  the  valve  attachments  bcu.g 
produced  only  (as  before  described)  whUe  the  inclined  part  of  slot  in  the  arm  E  is  passmg 

under  the  roU  of  the  lever  (?. 

The  frame  or  yolk  a  still  descending  under  the  operation  of  the  expanding  steam, 
the  upper  inchne  h  has  forced  the  lever  c  over  to  its  vertical  position  or  half  movement 
closinc.  gx-adually  the  lower  exhaust  valve  through  the  vario.is  conueetions,  rock  arms  and 
toes  ^The  duty  of  the  upper  incUne .  ends  here  for  the  down-stroke  ;  at  tins  same 
instant  the  admission  valve  covering  the  supply  port  between  the  water-eyhnder  chest  and 
Lg  main  is  opened  by  the  action  of  the  rod  A  and  lever  M,  an  water  under 
;    sure  permitted  to  enter  the  already  open  front  port  of  the  water  eyhndei,  carrying 

.tea™  vd  e    o        o,x,„od  g  ^        ^^^^  ^^^^^    ^^^^  ^^^^^  „„„ 

the  upper  one  did  on  tbe  down-stroke,  and  so  on  eonUnually. 

POMPS  (see  page  130). 
„  is  nlaeed  in  a  well  below  the  engine-room  floor,  and  directly 
Tl>e  lower  pmnp  ^,  «  Un..tk  ih.  floor,  and  eonnected 

„nder  tbe  cylinder  ;  ^  ,  tbe  rorcing 

directly  to  the  oppos, te  end  °f  '     ^^^^  barrels.  /  and        the  inside  one,  /, 

.ain  is  Ool»e.  ^^^^^^Z..  an<i  -ble-beat  valve,  and  the  annn.ar 
bemg  the  working  ban  el,  htted  w  aou,,le-beat  valves. 

.pace  between  them  being  — ^ gre'at  Lure  the  eBieiency  or  the 
TO  the  novel  form  of  these  pumps  .  due  ^^^J^^^^^      ^^^^^^^^  ^  ^^^^^^ 

machine ;  for  by  this  comb,nat.on  ol  ^  ^^^^  ^^^^^^  ^^^^  ^^^^^  ^^^^^.^^ 
column  of  water  through  the  valves  a  ne  ^^^^^^^  ^^^^ 

v,„,.rel  itself  thus  aUowing  the  velocity  of  the  coi 

bairel  itscu,  m  mmmum. 

bucket,  and  in  tlris  way  reducmg  the  fuctio 
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Their  operation  is  a.  simple  as  it  is  effective,  and  is  deseribed  in  a  very  few  words 

"  'tr'lower  pump  on  its  „p-stroke  lift,  the  wat.r  above  its  bucket  thr-ough  the 
connecting  pipe,  and  tbrongh  the  annular  valves  and  valve  of  descend^g  bucket  of 
upper  pump,  at  the  time  charging  itself  below  its  bucket  by  suction.  On  ,ts  down- 
s^L,  the  upper  pump  is  lifting  the  charge  above  it.  bucket,  and  filling  the  space  below 
it  by  suction  ;  the  lower  pump  again  ascends,  performing  the  above  operahon,  each  pump 
moving  on  it.  up-stroke  a  column  of  water  about  3G  inches  in  diameter,  ten  feet  toward 
the  rese,-vok..  The  action  of  the  pumps  is  well  illustrated  by  the  cards  from  the  Ind.cators. 
(Page  135.) 

BOILERS. 

The  boUers  are  three  m  number  and  of  the  return  drop  flue  variety  : 
Length  of  boiler  

8  " 

Diameter  

Two  fire-boxes  to  each  boiler  : 

Length  of  grate   6  ft.  8  inches. 

"Width  of  each  grate   ^  ft. 

Four  upper  flues  to  each  fire-hos  : 

Length  of  upper  fluea   21  ft.  6  inches. 

Diameter  


Sixteen  lower  flues  to  each  boiler  : 

Length  of  lower  flues  

Diameter  


18  ft.  6  inches. 
Si  " 
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EXPLANATION  OF  PUMP  INDICATOR  CARDS. 

The  indicator  /  on  the  lower  pnmp  gives  a  complete  card,  but  iu  deternuniiig  the 
load  on  the  lower  pump  piston,  the  pressure  above  the  piston  is  taken  fVom  the  upper 
line  of  card  (76.07  lbs.),  to  which  is  added  the  pressure  due  to  the  height  of  the 
indicator  (ten  feet)  above  the  piston,  at  half-stroke,  and  the  vacuum  below  the  piston  ia 
taken  from  the  height  (2.12  feet)  of  the  piston  at  half-stroke  above  the  average  level  of 
the  water  in  the  well  durmg  the  experiment. 

Indicator  Card  from  Steam  Cylinder. 

Jan.  10,  WM.  8h.  A,  U. 


From  lower  Indlostor. 


«0. 


]0. 


PoMF  Cards-Kidgewood  Engine  No,  2, 

;aD.  9.  m^  Mlclnlfbl. 


rop.ese.W,  that                   ^  j^^^.  ;   „  Z  upper  pu™p,  and  .  u.a 

that  from  the  left  to  right  iB  due  to  the  up  ^^^^ 

^''■'^  rz  ;::;^rthr— aZer;tou . ......  - 

pressure  due  to  he.ght  («■  8 J^et)  ol  ^^^^^          ^^^^  ^^^^ 

_helow  the  piston  '^/^''^  Jj/^;  ;l  J  .he  height  (4.32  feet)  of  .he 

the  lower  indicator,  to  wh.ch     added  the  vaeu 

upper  pump  piston  at  half-stroke  above  the  mdicator  /.  (bee  page 
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Report  of  Mk.  WoKTnEN-  on  the  P,mp«J  Mgine  at  Prospect  EM. 

Jambs  P.  KmKWOoD,  Esq.,  BrooUyn  Wc^  Tforfe 

Dbau  S,n:  Having  made  a  series  of  experiments,  to  test  the  capacity  and  duty 
or  the  pumping  engine  at  Prospect  Hill,  I  .-cpectfully  snb,nit  the  following  report 
•„r  the  manner  of  conducting  the  experiments,  the  method  of  calculatmg,  and  the 
results  obtained. 

The  pumps  were  ready  for  operation,  and  were  started,  for  the  di-st  time,  on 
the  5ih  ult    So  long  time  had  already  been  consumed  in  the  construction  of  the 
machine  and  so  important  was  it  to  have  the  trial  and  report  as  soon  as  possible, 
that  it  was  decided  to  go  on  with  the  test  without  any  preUminary  running  of  the 
engine.    A  week  was  consumed  in   putting  on  the  small  pump  which  retui-ns  the 
iujection  water  to  the  rising  main,  and  arranging  some  small  matters  for  the  placing 
of  the  indicators,  and  on  Tuesday,  the  13th  ult.,  the  trial  was  commenced.    Up  to  this 
date,  the  pumps  had  not  been   run,  in  the  aggregate,  twenty   hours,  and  no  data 
had,'  or  coidd  have  been  obtamed.  of  the  best  cu-cumstances,  as  to  pressiu-e  of  steam 
and'  speed,  from  which  to  obtain  the  required  duty;  I  therefore  decided  to  run  the 
engine  during  the  balance  of  the  week,  varying  the  pressure  of  steam,  the  velocity  of 
the  engine,  and  the  pressure  upon  the   induction   side  of  the  pumps.    The  results 
have  been  tabulated,  and  may  be  of  use  for  future  reference. 

The  experiments  were  continued  until  9  a.  m.  of  the  17th  idt.,  when,  having 
ailed  the  Reservoir  to  the  height  of  nearly  one  foot  above  that  ever  contemplated, 
and   finding  that  the   engine   had   already   comphed  with  the  requu-ements  of  the 

contract,  the  fij-es  were  di-awn. 

The  methods  of  firing  and  of  noting  the  coal  consumed  were  similar  to  that 
adopted  in  the  experiments  on  Ridgewood  Engine  No.  2.  The  boilers  were  fii-ed 
up  eai'ly  on  the  morning  of  the  13th  ult.,  but  the  experiments  were  not  commenced 
tall  noon :  the  counter  of  the  engine  was  then  taken,  the  height  of  the  water  in  the 
Reservoir  and  the  quantity  of  coal,  as  soon  as  it  was  required.  The  coal  was  weighed 
in  lots  of  one  hundred  pounds  each  ;  record  was  taken  of  the  time  of  each  firing, 
and  the  quantity  used  ;  a  profile  was  then  made,  on  cross-section  sheets,  the  horizontal 
lines  representing  the  times,  and  the  perpendicular  fines  the  quantity  of  coal.  And 
from  the  profile  can  be  readily  seen  the  quantity  of  coal  consumed  from  hour  to  hour. 

As  in  all  previous  experiments,  the  quantity  of  imconsumed  coal  in  the  ashes 
and  chnkers  has  been  deducted  from  the  quantity  of  coal  fired ;  the  same  allowance 
has  been  made  in  these  experiments,  but  the  deduction  is  so  small,  that  were  it 
omitted,  the  engine  would  still  far  exceed  its  requirements. 

The  quantity  of  water  discharged  into  the  Reservoir  is  deduced  from  heights 
taken  in  the  glass  tube  in  the  Gate-House,  and  from  tables  of  capacity  furnished  by 
Mr.  Lane. 
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The  work  done  at  the  pumps  is  caloulatod  from  the  average  pressures  from 
indicator  cards  taken  every  half  hour  ;  from  the  number  of  revohitions.  as  shown  hy 
the  engine  counter  ;  and  from  the  measm-ed  length  of  stroke  and  diameter  of  the 
pumps  ;  to  which  is  added  the  pounds  feet  of  work  done  at  the  small  plunger  pump, 
discharging  the  injection  water  into  the  rising  main.  No  account  is  taken  of  the 
work  done  in  supplying  the  boiler  feed. 

.  The  accompanying  figure  iUustrates  the  points  from  wliich  pressure  cards  were 
taken.    The  indicator,  by  means  of  cocks,  could  be  connected  with  either  of  the  points 
a,  6,  or  c.    When  in  connection  with  a,  the  connections  with  the  other  i>oint8  being 
shut  off,  the  line  shown  on  the  indicator  was  the  pressure  with  which  the  water  was 
forced  into  the  first  piunp  P  :  when 
in  connection  with  b  only,  two  lines 
are  shown  on  the  card,  the  upper 
being  the  pressure  of  the  water  as  it 
is  Ufted  by  the  bucket  of  the  first 
pump,  the  lower  line  the  pressure  of 
the  water  as  it  is  forced  into  the 
second  pump  P\  while  it  makes  its  up-stroke.     When  in  connection  with  c  only,  the 
indicator  gives  nearly  a  single  line  upon  its  card,  the  pressure  on  the  rising  main  at 
this  point. 

The  load  at  the  fii-st  pump  is  estimated  by  ovdinates  ou  the  cards  between  the 
Unes  as  given  from  a,  for  the  lower  hne,  and  the  upper  line  as  taken  ,vt  b  ,  while  the 
load  of  the  second  pump  is  estimated  from  ordinates  between  the  lower  line  taken  from 
i  and  the  Une  from  c,  for  the  upper  line.  The  lines  are  marked  in  light  and  heavy 
toe  on  the  aecompanyh.g  cards.  From  these  cards  thus  taken  every  half  hour,  and 
pressures  averaged,  a  profde  has  also  been  plotted,  and  from  this  profile  the  average 
pressm-e  on  the  pmnps  from  hour  to  hour  has  been  estimated,  measured,  and  tabulated, 
to  supply  the  data  for  caloulatiou. 
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The  dimensions  of  the  pumps  were  found  to  be  as  follows 


Diameter  of  lower  pump 
"  upper  pump 

Or  an  average  of   

Stroke  of  lower  pump  . 

"  "  upper  pump.  - 
Average  taken  at  


20.3125  inches. 
20.1875  " 
20.25 

3.4685  feet. 

3.4633  " 

3.466  " 


Pump  returning  u.jection  to  the  main: 

8.0  inche«. 

Diameter  of  plunger  1.604  feet. 

Stroke  

18 
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Pi-unet..-  of  piston  rod  of  large  pu.nps.  three  inches,  which  is  to  be  taken  from 
Duunct^i       p  .^^        down-stroke  of  the 

the  area  of  the  lower  pump,  but  acts  as  a  pinnae  i 

upper  pump. 

644.126  sq.  in. 

Area  of  both  pumps   ^ 

Less  piston  rod   

  637.057  " 

Net  area  

50.265  " 

Area  of  return  pump  

It  was  my  intention  to  have  selected  as  the  test  of  duty,  the  twenty-four 
consecutive  hours  which  gave  the  highest  result;  hut.  after  making  my  ealculations.  I 
thought  it  wo,Ud  be  most  satisfactory  if  the  result  of  the  whole  trial  were  given,  and 
the  nmsimum  of  ten  hours'  trial,  near  the  last  of  the  experiments. 

Coal  fired  during  the  experiments,  from  May  13th,  at  noon,  to 

May  17th,  at  9  a.  m.,  93  consecutive  hours   14,180  lbs. 

Add  for  difference  of  level  of  the  water  in  the  boiler,  at  be- 

4-0  " 

ginning  and  at  end  of  trial  

14,220  " 

,  -       ,                               ■  383  "  , 

Less  coal  m  ashes  

Coal  consvuued   ^^''^^'^ 

Average  pressure  from  pump  cards   29.96 

"  "         "    plunger  pump  

No.  of  strokes   129,557 

637.057  X  3.466  x  29.96  x  129,557      13,837  =  619,381 
50.265  X  1.604  x  40      x  129,557      13,837  =  30,196 

Duty  of  1  lb.  of  coal  649,577  lbs.  ft. 

The  requirement  of  the  contract  was  600,000  lbs.  ft.  The  engine  therefore 
exceeds  her  requirements,  on  a  test,  never  contemplated  in  the  contract,  of  93  hours 
instead  of  24  hours. 

The  duty  estimated  iu  a  similar  manner  for   10  hours,  from 

7  1'.  M.,  May  16th,  to  5  a.  m.,  May  17th,  was  found  to  be  684,042  lbs.  ft. 

The  capacity,  as  gauged  iu  the  reservoir,  for  the  time  required 
by  contract,  16  hours,  from  12)  i".  m.,  13th,  to  4  p.  m., 
14th  ult.,  was  found  to  be  3,068,304  gallons. 

Requirement  of  contract  2.500,000  " 

The  capacity  of  pmnps,  as  gauged  at  the  reservoir,  for  78 
hours,  fi'om  noon,  May  13th,  to  6  p.  m.,  May  16th,  was 

found  to  be   112,036  " 

no  allowance  being  made  for  leakage. 
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The  number  of  strokes  during  the  93  hours,  or  wliole 

trial,  was   129.G67 

129,557  X  112,0Sti  =  14,557,027  gallons  for  93  hours, 

or  at  the  rate  of 

For   1  hour   156,557  gaUons. 

For  16  hours   2.504,435  " 

The    residts   above   deduced   were   entirely   unexpected,    but   would   Ik-  easily 
exceeded  by  the  same  pumps,  were  it   attempted  to  obtain   the   highest  duty  and 
capacity   durmg    sixteen  houi-s   only,    by  contmuing  ut  a  uniform  rate   of  speed 
and  pressure.     The  position  of  so  large  pumps,  upon  a  rising  mam,  drawmg  then- 
supply  under  a  pressure  of  from  7  to  18  lbs.  per  square  inch  (varying  w>th  the  di-a(l 
in  other  part,  of  the  city),  is  unusual ;  but,  from  the  indicator  cards,  and  general 
workmg  of  the  engine,  it  appears  that  the  pumps  are  03  steady  in  their  .xct.on  as 
if  they  drew  from  a  well,  and  much  more  economical  in  the  consumpUon  of  coal, 
as  the  load  is  reduced  by  the  amount  of  pressure  in  the  main. 

In  some  of  the  details  there  are  a  few  triflmg  error.,  which  for  the  most  part 
can  be  readily  obmted  in-  the  after  working.     As  a  whole,  1  consider  the  machme 

satisfactory  in  its  consti-uction,  results,  and  location. 

Youi's,  truly, 

W.   E.  WORTUEN. 

Jvm  3,  1862. 
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DESCRIPTION   OF  PROSPECT  HTLL  PUMPING  ENGINE. 
FtATH  II.  represent,  a  section   in  outline  of   the  pumps,  and  an  elevation  of 
the  pumping  engine  at  Prospect  Hill 

Plate  II. 


1 

It  will  be  observed  that  the  engine  is  of  the  crank  and  fly-wheel  variety,  and 
in  this  respect  is  entirely  different  from  the  engine  at  Ridgewood.  The  steam 
cylinder  B  is  fitted  with  slide  valves,  and  a  cut-off  controlled  by  a  governor 
constructed  undur  Wright's  patent.  The  speed  during  the  experiments  was  varied 
by  weights  suspended  to  the  governor  rods.  The  pumps  are  constructed  on  the 
same  general  principles  and  mode  of  action  as  the  pumps  at  Ridgewood.  They  are 
two  pumps  attached  to  opposite  sides  of  the  working  beam ;  they  have  valves  in 
their  buckets,  and  in  channels  at  the  sides  of  the  pump.  The  pumps  ai-e  placed 
in  a  branch-main,  and  the  water  flows  into  and  through  the  aii-  pumps  imder  a 
considerable  head,  variable  with  the  draft  upon  the  mains  in  other  parts  of  the 
city.  There  are  two  air-chambers :  one  shown  at  S  on  the  rising  main,  the  other, 
and  ii  somewhat  larger  one,  is  connected  by  a  branch  pipe  with  the  induction 
pipe  at  E. 

At  A  are  the  connections  with  the  aii'  pump.  At  'p  the  connections  of  a 
small  single  acting  plunger  pump  to  supply  the  boiler  feed,  and  retui'n  the  injection 
water  to  the  main. 

B)'  P  is  denoted  the  lower  pump  ;  by  P'  the  upper  ;  a,  h  and  c,  represent  the 
apertiu-es  in  connection  with  the  indicator  as  explained  in  the  report. 
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DIMENSIONS. 

Steam  Cylinder. 

Length  of  stroke   ^  ^-  ^ 

Diameter  of  cylinder   24  inches. 

Diameter  of  piston  rod  

Pumps. 

n  ARR  ft 

Length  of  stroke  (average)   ^• 

„  ,       1    201  inches 

Diameter  of  barrels  

Diameter  of  piston  rods  

Pump  to  turn  injection  Water  inia  the  Main. 

,     ,    ,  ,    1.604  feet. 

Length  of  stroke  

„    ,  . .         8  inches. 

Diameter  of  plunger  

Fly  Wheel. 

  20  feet. 

Diameter  

27  inches. 

Length  of  crank  

Boiler— One,  Drop  Flue. 

18  feet. 

Length  of  shell   ^ 

Diameter  of  shell   ^ 

Length  of  fire  grate   I  ^.  2h  in. 

Width  of  each  fire  grate  durmg  trial   ^ 

Number  of  upper  flues   .^^^^^ 

Diameter  of  upper  flues   ^^^^ 

Length  of  upper  flues  

N.m.ber  of  lower  flues  7'of  9  in.,  2  of  7  in. 

Diameter  of  lower  flues   9  ft.  3  in. 

Length  of  lower  flues  
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COALiXG  PROFILB. 


EXPLANATION  OF  COALING  PROFILE. 
The   profile  of  the  coaling  for  17  hours,  will  serve   as  an  explanation  of  the 
form  in  which  the  register  of  coal-  consumed  has  been  kept  and  plotted  during  the 

late  "experiments  at  Ridgewood  and 
Prospect  Hill.  The  hours  selected 
have  been  taken  rather  than  those 
at  the  commencement  of  the  ex- 
periments, as  profiles  of  steam  and 
water  pre.ssures  are  given  for  the 
same  period. 

The  firing  was  commenced  on 
the  morning  of  May  13,  and  the 
fires  and  water  were  got  into  the 
state  in  which  it  was  determined  to 
keep  them  as  nearly  as  possible 
unilbrm.  The  coal  was  first  noted  at 
OA.  14m.  p.  M.,  when  100  lbs.  were 
tlirown  on  one  of  the  grates ;  atlA. 
2m.,  100  lbs.  on  the  other  ;  at  Ih. 
55m.,  60  lbs.  on  the  first  grate,  and 
at  2/i.  32m.,  20  lbs.  on  the  second. 
In  this  way  the  quantity  of  coal 
was  taken  every  time  any  was 
'  put  on,  and  on  which  grate  thrown. 
The  fii-e  box  was  divided  in  two 
by  a  brick  wall,  to  maintain  a  more 
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even  fire.     The  coal  was  weighed 
in  lota  of  100  lbs.  each,  and  the  amount  at  each  fii-ing  was  then  estimated.  At 


6.56 

p.  M. 

The  total  quantity  fired  was 

1,155  lbs 

7.43 

90  lbs. 

1,245  " 

8.12 

(1 

100 

1,345  " 

9.03 

11 

Cleaned  fire  No.  2. 

9.10 

11 

120  lbs. 

1,465  " 

9.47 

11 

115  " 

1,580  " 

10.27 

(1 

80  " 

1,660  " 

10.58 

a 

80  " 

1,740  " 

11.30 

ii 

60  " 

1,800  " 

12.00 

(1 

Cleaned  fire  No.  1. 
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12.06  P.  M.  100  lbs.  1,900  lbs. 

12.37  50  "  1.950  " 

12.56  "  50  "  2,000  " 

1.25  A.  M.  70  "  2,070  " 

1.47  "  80  "  2,150  " 

2.22  "  50  "  2,200  " 

2.42  "  70  "  2,270  " 

3.02  "  90  "  2,360  " 

and  so  on  ;  eacli  of  the  firings  is  represented  by  dots  on  the  profile,  and  the  dots 
are  connected  by  lines.  In  this  way  the  firing  is  graphiciilly  represented,  and  tiio 
quantity  consumed  during  a  period  of  a  few  hours  can  be  quite  accurately  determined. 

The  firemen  were  picked  up  in  New  York ;  hud  been  employed  on  board  of 
ocean  steamers,  and  had  never  been  inside  of  the  building  till  the  experiments  were 
commenced.  They  were  du-ected-  to  keep  the  water,  as  near  as  possible,  a  certain 
level,  and  their  fires  always  in  one  condition.  The  boiler  pressure  waa  varied  iVom 
time  to  time  to  test  the  comparative  economy  of  the  engine  under  dilTerent  pressures 
and  speeds.     The  watch  of  the  fu-emen  was  12  hovirs  on  and  12  oH". 

The  coal  used  during  the  whole  trial : 

Of  Delaware  and  Hudson  Canal  coal   11,800  lbs. 

Buck  Mountain  ■   2,360 

Total  

The  total  quantity  of  clinker   64o 

Small  coal  in  ashes  

EXPLANATION  OF  INDICATOR  CARDS. 
Indicator  Cards  are  given  on  page  144,  taken  from  the  steam  cylinder  and  the  pumps. 
The  times  at  which  they  were  taken  correspond  nearly  to  tlie  times  of  maximum 
and  minimum  pressm-e  ;  in  the  main  at  midnight  the  draa  in  the  city  is  usuaUy  the 
least  and  at  10  a.  m.  the  most;  and.  conversely,  the  least  load  on  the  engine  is 
about  midnight,  and  the  greatest  from  about  7  a.  m.  to  5  p.  m.,  as  will  be  seen  by 
profile,  page  145. 

It  wiU  be  observed  on  the  indicator  cards,  two  lines  are  Ireavy,  and  two 
Ught  ,  the  space  inclnded  between  the  light  lines  represents  the  pressures  on  the  lower 
pump  P;  that  between  the  heavy  Unes,  the  pressure  on  the  upper  pump  P'.  The 
lines  marked  "a  a."  are  the  pressures  on  the  induction  pipe  E,  directly  below  the  lower 
pump  ■  and  those  "c  c."  the  pressures  on  the  rising  main,  directly  above  the  upper 
pump  ;  these  Unes,  dm-ing  the  strokes  of  either  pump,  vary  inconsiderably.  The  upper 
lines  "bb"  represent  the  pressures  on  the  lower  pump,  in  its  upward  stroke,  wlule 
c  c"  represent  the  pressures  with  winch  the  water  is  then  forced  in  below  the  bucket 
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The  lower  lines  "h  b"  are  the  pressui-es  with  wliich  the  water  is  forced  into  the  upper 
pump  P,  while  it  makes  its  upward  strokes,  and  "c  c"  are  the  pressures  above  .ts 
bucket  at  the  same  time. 


0- 


iih.  Wiai.  Jl.  M.    M.aj  14,  im. 
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EXPLANATION  OF  PHOt'ILE  OP  STllAM  AND  WATER  PRESSURES. 

Indicator  Cards  were  taken  every  half  hour  during  tlie  experimeuts.  The  average 
pressures  on  steam  cards  were  taken  in  the  usvml  way,  by  an  average  of  ten  oi'dinates ; 
those  of  the  pumps  by  the  same  number  of  ordiiiates,  and  as  exphvined  in  Report  and 
Explanation  of  indicator  cards. 


p.       Mny  la  A.  M,  Muy  14  p.  M. 
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To  average  the  pressures  at  each  end  of  the  cyhuders,  and  on  each  of  the  pum])8, 
it  was  thought  the  more  correct  to  do  this  graphically,  and  when  plotted  on  the 
same  profile,  they  afford  a  comparison  of  the  variations  of  power  exerted  and  work 


done. 

TABLE  OF  AVERAGE  PRESSURES  ON  STEAM    CYLINDER  AND  I'UMJ'S. 


PUMPS. 

tITKAU  CYUNtiEK. 

LOWKB. 

crm. 

toira  m. 

May  13,  p.  «- 

1.00 

30. 

28.5 

• 

7.30 

29  85 

27.3 

22.6 

21.9 

8.00 

28.70 

27.75 

22.05 

20.25 

8.30 

29.20 

27.70 

22.55 

18.55 

9.00 

26.6 

25.95 

22.55 

18.70 

9  30 

27.7 

25.25 

24.3 

17.6 

10.00 

27.25 

26.15 

23.8 

20.4 

10.30 

26.6 

26 

20.1 

18.7 

11.00 

27.2 

35.5 

18.26 

20.36 

11.30 

26.4 

25.5 

19.3 

18.35 

12.00 

27 

26.2 

May  14,  a.  u. 

12.30 

26.05 

24.95 

19.1 

19.9 

I.OO 

25.85 

24.3 

19.2 

19.4 

19 
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By  comparison  of  the  table  with  the  profile,  on  page  U5,  it  wiU  be  seen  how 
the  pres«m-es  are  plotted.  The  heavy  lines  represent  the  average  between  the  two 
pressures  of  cylinder  and  of  pumps. 

By  the  inspection  of  this  profile,  one  may  observe  how  the  work  reqmred  var.es 
with  the  di-aft  on  the  main  during  different  part«  of  the  day,  and  how  the  average 
pressm-e  on  the  cylinder,  or  power  everted,  varies  relatively  to  the  work  required. 

It  will  also  be  readily  understood,  that  by  plotting  a  profile  of  coal  consumed, 
and  averaging  the  pressures  of  steam  and  water,  as  on  Profile,  page  145,  a  much 
more  accurate  estimate  may  be  formed  of  the  duty  of  an  engine,  either  at  the  steam 
or  water  end,  than  in  the  usual  way,  and  over  a  much  shorter  period  of  time.  The 
assistants  in  charge  of  tlie  various  departments  continue  their  charge,  not  knowing 
what  time  or  times  may  be  selected  for  the  test;  vigilance  is  insured,  and  negligence 
or  carelessness  will  leave  its  marks  on  the  profiles. 
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TABLE  OF  RESULTS  OP  EXPERLMENTS  MADE  ON  PROSPECT  HILL  PUMPING  ENGINE,  MAY 

13th,  14th,  15tH,  16rH,  and  IIth,  1862. 
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REMARKS. 


Bh      deaood  No,  S  Bie. 


lUi  W  clckaeA  No.  1  6fe- 


eb  Bl>  KBQoy  fit«- 


8h  59*  cleaned  No.  1 


lOh      deaued  No.  S  Are. 


la  1*    Rldcewood  flremsQ  com- 


I  Sf/  elaiDed  No,  1  Bro, 


eh  ify  B7>D  Bxv. 


lib  IW  cluned  Mo.  9  fire. 


6h  SO'  cleaned  No.  1  Ore. 

Oh.  SO'  Rldgeitood   EreiDBii  omn- 
iBBa«d  fltlog. 


KOTE. 


r.wl  PfUitiue  buJ  Budnoii  Cli»),  from  wanmenwrnont  lo  10*.  Unr  IBlh 
M  lO.S  i  ■.,        lOtli,  usn.1  Hock  IIoijdUIu  Co»1 


Lbs. 
10,600 
lUO 
500 


Ot«l  Dolii>ruP  oud  H.i.l5on  Omul  CV«.1,from  10.15  *,  m.  ,  Frldn?-,  to  SI  mla.  T.  M..  FtlJoy .  lOlh  

...  .  „.  _   .„llJO.,    U      V>l(tlll,         'i"™" 


C«ilB«i;l:  Mouiilato  t,-™).  tMim  1.23  r.  a. ,  FlU'y,  l«  l>-«     "  .PTIday. 
CtcdBocttUoaDUUiCMIClraiiie.ST  t  M. ,  Suluraor,  lUb,  lu  end  of  Irlal  


ToUl  OmI  u«cd. 


EDO 

nao 
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EXPLANATION  OF  TABLE. 

Column   1   contains   the   number   of    revolutions   during  the   hour,    found  by 
subtracting  from  the  number,  as  shown  by  the  counter  at  the  hour  ou  the   line,  the 
number  at  the  previous  hour.    The  number  of  revolutions  (rom  the  commencement  of 
the  experiments,  12  m.  to  7  p.  m.,  was  11,119. 

Column  2  contains  the  mean  pressure  of  ateara  in  the.  cylinder  dvu-ing  the  hour, 
and  was  found,  first,  by  averaging  the  pressure  on  the  cards,  as  taken  by  the 
indicator  every  half  houi-,  then  plotting  these  pressures  ou  a  profile,  and  taking  the 

mean,  as  shown  at  page  145. 

Column  3  contains  the  mean  pressure  of  water  load  in  pumps,  t^ikon  from  the 
indicator  cards,  and  profile  plotting,  Uke  that  for  the  steam  pressure,  column  2. 

Column  i  contains  the  average  boiler  pressure  found  by  obsei-vation  of  the  steam- 
pressure  gauge  in  the  engine  room. 

Column  5  contains   an   average   of   the  vacuum  in  tlie  condenser,  taken  from 
observations  of  the  vacuum  gauge  in  the  engine  room. 

Column  0  contains  the  average  pressures  in  the  steam  cylinder  at  commencement 
of  stroke,  taken  from  the  indicator  cards,  plotted  on  profile,  as  at  page  145. 

Cohmm  7  shows   the   average   point   at  wliicli   the  steam  was  cut  off  in  the 
cyhnder,  taken  from  the  indicator  cards,  and  also  plotted  in  profile. 

Column  8   contaius   the   average   pressure  in   cylinder  at  the  end    of  stroke, 
determined  hke  that  of  the  initial  pressures,  column  6. 

Column  9  contains  the  amomit  of  coal  consumed  during  the  hour,  no  deduction 
being  made  for  small  coal  or  cinders  in  the  ashes.  The  amounts  are  determined 
from'' the  profile,  as  in  page  142.  Coal  used  from  12  m.  to  7  p.  m..  May  15, 
1,265  pounds. 

EVAPOHATION. 

The  evaporation-as  determined  from  the  volumes  of  steam  in  the  cylinder  at 
the  end  of  the  stroke,  and  referred  by  Pambour's  formula  to  water  at  32-  Fahrenheit, 
and  then  by  the  English  Admiralty  formula  to  the  standard  of  lOO**  Fahrenheit^ 
was  found  to  be  7,505  pounds  of  water  per  pound  of  coal. 
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sP.o,ric«ioNS  or  cast-,«on  b,str,but>o.  pipes,  and  pipe  mains,  with  thkik 

BRANCHES,  Etc. 


1st  The  pipes,  Uranches,  .nd  all  castings  relating  thereto,  are  to  te  delivered  at 
such  wharf  or  wharves  in  the  city  of  Brooklyn  as  shall  be  designated  by  the  Engmeer. 

2d  Every  pipe  below  twelve  inches  in  diameter  to  be  nine  feet  in  length,  the 
pipes  of  twelve  inches  diameter  and  upwards  to  he  twelve  feet  in  length  each ;  the 
diameters  hereinafter  specified  are  always  to  he  understood  as  the  inside  diameters  of 
the  body  of  the  pipe. 

Every  pipe  is  to  have  the  initials  of  the  maker's  name  cast  distinctly  upon  it,  and 
also  a  number  siguifying  the  order  of  it^  casting  in  point  of  date;  the  year  (1862)  to 

,,  -1  1.  /1882186a     IS  as     188!     P-p       St(.  ■\  . 

be  placed  on  each  pipe  above  or  below  said  number  as  (  ,  ,  s  ,  a  ,  4  ,  <»c.,  , 
each  «ize  of  pipe  to  have  its  own  series  of  numbers  (1,  2,  3,  4,  5,  6,  &c.) ;  each  figure 
to  be  at  least  two  lo  three  inches  in  length,  according  to  size  of  pipe,  with  a 
proportionate  width,  the  weight  of  each  pipe  to  be  conspicuously  painted  on  the 
outside  or  inside,  before  delivery,  with  white  lead  paint. 

3d.  The  ordinary  pipes  shaU  be  of  the  kinds  usually  called  spigot  and  faucet,  or 
socket  pipes;  the  curves,  branches,  and  bends,  and  aU  other  special  pipe  castings 
(including  such  variety  of  branch,  bevel-hub,  double  hub,  hydrant  bends,  taper  pipes, 
caps,  sleeves,  and  any  other  pieces  for  connecting  with  these  that  may  be  required), 
shall  be  made  according  to  such  particular  drawings  and  instructions  as  may  be  given 
by  the  Engineer  from  time  to  time.  Every  pipe  shaU  have  a  bead  or  fillet  at  the 
spigot  or  small  end.  The  faucet  or  hub  end  of  the  pipe  to  be  of  such  form  and 
thickness  as  the  Engineer  may  direct. 

4th.  All  pipes  of  twenty  inches  diameter  and  upwards  to  be  formed  so  as  to  give 
a  lead  joint  of  not  less  than  three  eighths  of  an  inch  in  thickness  all  around,  and  not 
more  than  seven  sixteenths ;  those  of  twelve  inches  diameter  and  under,  to  be  arranged 
for  a  joint  not  exceeding  three  eighths  of  an  inch  thickness  all  around,  and  not  less 
tlian  five  sixteenths. 

5th.  The  straight  pipes  of  twelve  inches  diameter  and  upwards,  shall  be  cast  in  dry 
sand  moidds,  vertically,  with  the  hub  end  down,  and  the  curved  pipes  in  loam  or  sand. 
The  smaller  pipes  may  be  cast  at  an  angle  with  the  horizon  of  not  less  than  twelve 
degrees. 

6th.  The  metal,  which  must  be  re-melted  in  the  cupola  or  air-furnace,  shall  be 
made  without  admixture  of  cinder  iron  or  other  inferior  metal,  and  shall  be  of  such 
character  as  to  make  a  pipe  strong,  tough,  and  of  sound  grain,  and  such  as  will 
satisAictorily  bear  drilling  and  cutting. 
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7th.  The  pipes  shall  be  free  from  scoria,  saml-holes,  air-bubblcs,  cold-short  cracks, 
and  other  defects  or  imperfections;  they  shall  be  truly  cylindrical  in  the  bore,  8tnu}?ht 
in  the  axis  of  the  straight  pipes ;  and  true  to  the  required  curvature  or  form  in  Uie 
axis  of  the  other  pipes  ;  they  shall  be  internally  of  the  full  specified  diameters,  and 
shall  have  theu'  inner  and  outer  surfaces  concentric.  No  plugf»ing  or  filling  will  be 
allowed. 

8th.  They  shall  be  perfectly  fettled  and  thoroughly  cleansed ;  no  lumps  ov  rough 
places  shall  be  left  in  the  barrels  or  sockets.  Great  care  shall  be  taken  to  have  the 
sockets  of  the  required  size  to  receive  the  spigots,  having  due  regard  to  the  allowance 
to  be  made  for  the  lead  joint.  No  pipes  will  be  received  which  are  defective  in  joint 
room,  whether  in  consequence  of  eccentricity  of  form  or  otherwise. 

9th.  The  spigot  ends  of  all  the  branches  to  have  lugs  or  horns  cast  on  each  of 
such  form,  and  in  such  number  and  place  as  may  be  directed.  Both  spigot  and  faucet 
ends  of  branches'  and  of  all  other  special  castings,  must  conform  to  the  pipes  with 
which  they  are  intended  to  connect. 

10th.  All  pipes  of  less  than  twelve  inches  in  diameter  to  have  three  belta  cast  on 
each  pipe  outside  ;  these  belts  to  be  not  less  than  three  and  a  half  inclws  wide  each, 
and  not  less  than  tlu-ee  sixteentlis  inch  thicker  than  the  pipe  ;  one  of  these  belts  to 
touch  the  rise  at  the  hub  end  of  the  pipe,  one  to  be  placed  twenty-live  inches  from  the 
spigot  end,  and  the  third  one  to  be  placed  intermediate  ;  the  twelve-incli  pipes  to  have 
but  one  belt  in  the  centre  of  the  pipe  of  same  dimeasious  as  above  described.  These 
belt  projections  will  not  be  left  sharp,  but  must  be  rounded  olT  either  way. 

11th.  The  forms,  sizes,  materials,  strength,  uniformity,  and  conditions  of  all  pipes, 
branches,  and  aU  other  castings  hereiu  referred  to.  shall  be  subject  to  the  inspection 
and  approval  of  the  Engineer  of  the  Brooklyn  Water  Works,  and  any  directions  or 
explanations  required  to  determine  the  intent  and  meaning  of  these  specifications  wiU 
be  given  by  him. 

The  Engineer  or  his  agent  to  be  at  liberty  at  all  times  to  inspect  the  mat^^riah* 
in  the  foundry,  and  the  moulding  and  casting  there.  Specimens  of  the  cast-iron  shall 
also  be  deUvered  to  him  when  required. 

In  case  of  the  pipes  for  the  forty-eight,inch  maUi,  a  specimen  rod  shall  be 
prepared  for  the  Inspector  from  the  metals  of  each  day's  castings.  This  spec.meo 
shall  be  of  the  size  and  form  suitable  for  a  tesUng  machine.  The  Inspector  w.U 
and  label  it,  and  take  the  necessary  steps  to  ascertain  its  t^nsde  strength. 
The  ton  used  will  always  be  understood  to  be  the  gross  ton  of  two  thousand 
two  hundred  and  forty  pounds  (2,2401bs.) 

l.th  Whenever  the  word  Engineer  is  used  herein,  it  refers  aa  well  to  his  properly 
authorized  agents,  limited  by  the  particular  duties  intrusted  to  them.  _ 
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similarly  marked. 

Utb  Every  pipe,  bra„eh,  .ud  cstiug,  of  whatever  fo™,  shaU  pas.  a  car* 
Ha^r' JpoetL  Lor  the  direetiou  of  the  Engineer  or  .nspeetor  ;  and  shaU 
ril  ect  lreaf.r  to  a  proof  .y  .ater  pres.re  of  three  hundred  ,.nn  s  to 
.,,uare  inch  for  aU  pipe,  of  thirty  brehes  diameter  and  under  and  "f  two  bund  d 
a  d  fifty  pound,  per  square  ineb  for  ab  pipe  mains  exceeding  tb,rty  — ^ 
Each  p[pe!  while  under  the  required  pressure,  shah  be  rapped  w.tb  a  hand  banmrer 
from  end  to  end,  to  discover  whether  any  defects  had  been  overboiled. 

15th.   The  weight,  of  the  straight  pipes  of  nine  and  twelve  feet  in  length  each, 
are  to  average  closely  as  follows,  viz. : 


ThWknH*  ot  rfqnlred 
joUit  (Q[  calking. 

Nluo  feet  in  lansiti  oval  all.  1 

fHclTB  It.  In  IpOBtll  o™  •!)■ 

Pennlltcd  devUtlan 
iu 
nclglit. 

■Wdaht  por  pipe. 

Welgbl  per  pipe- 

Incbi*. 

ClKU  A. 

Clua  0. 

CUu  A. 

Cl>i«  B. 

Foundl. 

Pouoda. 

Pnunili. 

PoUDll)- 

5-16  to  3-S 

4 

200 

4    per  cent. 

5-16  to  3-8 

6 

330 

360 

4   per  cent. 

5-16  to  3-8 

8 

430 

500 

570 

660 

4   per  cent. 

5-16  to  3-8 

12 

890 

1,080 

4    per  cent. 

3-8  to  1-16 

20 

2,100 

2,500 

4   per  cent. 

3_8  to  1-16 

80 

3,960 

4,890 

3^  per  cent. 

3-S  to  1-16 

36 

4,150 

3^  per  cent, 

3-8  to  1-2 

48 

8,300 

2^  per  cent. 

No  pipes  will  be  received  thnt  are  more  than  the  rermitt«d  percentage  below  the 
specified  or  required  weights.  For  any  excess  above  the  deviations  allowed,  no  payment 
will  be  made. 

16th.  The  branches,  and  all  other  special  castings,  will  conform  in  weight  and 
thickness  of  iron  to  the  .drawings  and  directions  to  be  furnished  by  the  Engineer, 
governed  by  the  following  considerations,  where  more  specific  dimensions  and  directions 
are  not  given  on  the  drawings. 
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The  hub  to  be  of  the  same  size  and  thickness  as  the  hub  of  the  straight  pipe  of 
its  size,  the  straight  portion  of  the  spigot  ends  to  conform  similarly  and  proportionately 
in  weight  and  thickness  to  the  corresponding  pipes. 

The  flat  surfaces  of  the  branches  may  be  one  eighth  thicker  than  the  average 
thickness  of  the  pipes  for  which  the  branch  is  intended. 

The  curves  connecting  these  flat  surfaces  and  connecting  the  branch  cnda,  shall  be 
made  thicker  than  the  ordinary  thickness  of  the  corresponding  pipe,  to  meet  the 
increased  strain  there  ;  but  this  additional  thickness  shall  not  bo  made  {at  the  lino  or 
point"  of  greatest  strain)  more  than  one  half  in  excess  of  the  ordinary  tliicknesa  of  its 
class  of  pipe,  without  the  knowledge  and  consent  of  the  Kngineer. 

The  thickness  of  other  special  castings  may  be  increased  when  advisable  under 
the  same  conditions. 

These  branches,  curved  pipes,  and  all  other  special  castings,  shall  be  subjected  to 
the  same  proof  as  the  straight  pipe,  and  the  maker  takes  the  risk  of  this  proof. 

The  initials  of  the  maker,  the  year,  and  the  .class-letter,  shall  be  marked  on  each 
special  casting. 

17th.  The  pipes  shall  be  carefully  coated,  inside  and  out.  with  coal  pitch  and 
oil,  according  to  Dr.  R.  A.  Smith's  process.  The  coating  to  be  applied  at  a  proper 
heat  and  in  a  proper  manner,  before  any  rust  seta  in,  and  before  the  pipes  have 
been  subjected  to  the  water  pressure  proof.  The  pipes  to  be  heated  immediately 
previous  to  dipping  them  in  the  pitch  composition.  (See  the  separate  memorandum  on 
the  subject.) 

18th.  The  "A"  pipes  are  designed  to  be  laid  in  positions  situated  fifty  feet  and 
upward  above  mean  high  water,  subject,  in  other  words,  to  an  extreme  head  of  one 
hundred  and  twenty  feet.  The  "  B"  pipes  and  branches  are  designed  to  be  laid  hi 
positions  situated  below  the  flfty-feet  plaue  here  referred  to. 

19th.  The  Engmeer  may  reject,  without  proving,  any  casting  which  is  uot  in 
conformity  with  the  specifications  or  the  drawings  furnished. 

All  the  pipes  are  to  be  delivered  in  such  order  and  proportions  of  each  size  as 
may  be  directed  by  the  Engineer,  and  each  dehvery  of  pipes  is  to  be  accompanied 
with  such  special  castings  as  may  be  required. 

20th  All  the  pipes  and  castings  contracted  for  must  be  deUvercd  in  all  respect* 
sound  and  conformable  to  the  contract.  The  inspection  is  not  intended  to  relieve 
the  contractor  of  any  of  his  obligatiom.  in  this  respect,  and  a  defective  pipe  or  castmg, 
which  may  have  parsed  the  inspector  at  the  works,  or  elsewhere,  will  be  at  aU 
times  liable  to  rejection  when  discovered,  until  the  final  adjustment  and  completion 

20 
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Of  the  contract.  The  payments  to  be  made  are  predicated  on  the  receipt  of  sound 
caetiugs  only.  , 

21st.  The  Engineer  reserves  the  right  of  con-ecting  any  errors  or  omissions  in 
these  speciHcation«,  necessary  for  the  proper  tulfilment  of  their  intention.  The  action 
of  any  such  correction  to  date  from  the  time  that  the  Engineer  gives  due  notice 
thereof 

Engineeh's  Office,  Brooklyn,  N.  Y.,  July  10,  1862. 
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MEMORANDUM  CONCERNING  DR.  SMITH'S  COAL  PITCH  VARNISH,  REFERRED  TO  IN  THE 

ACCOMPANYING  PIPE  SPECIFICATIONS. 


The  above  application  must  be  made  under  the  following  conditions,  which  nuiat 
be  strictly  observed  to  insure  the  permanence  of  the  coating  and  the  ullicient 
protection  of  the  pipes  from  rusting. 

Ist.  Every  pipe  must  be  thoroughly  dressed,  and  made  clean  and  free  from  the 
earth  or  sand  which  cUngs  to  the  iron  in  the  moulds;  hard  brushes  to  be  used  in 
Bnishing  the  process,  to  remove  the  loose  dust. 

• 

2d.  Every  pipe  must,  likewise,  be  entirely  free  from  rust  when  the  varnish  is 
applied.  If  the  pipe  cannot  be  dipped  presently  after  being  cleansed,  the  surface 
must  be  oiled  with  linseed  oil  to  preserve  it  nntil  it  is  ready  to  be  dipped ;  no 
pipe  to  be  dipped  after  rust  has  set  in.  * 

3d.  The  coal  tar  pitch  is  made  from  coal  tar,  distilled  until  the  naphtha  is 
entirely  removed  and  the  material  deodorized.  In  England  it  is  distilled  till  the  pitch 
is  about  the  consistence  of  wax.  The  mixture  of  five  or  six  per  cent,  of  linseed  oil  is 
recommended  by  Dr.  Smith.  Pitch,  which  becomes  hard  and  brittle  when  cold,  will 
not  answer  for  this  use. 

4th.  Pitch  of  the  proper  quality  having  been  obtained,  it  must  be  carefully 
heated  in  a  suitable  vessel  to  a  temperature  of  three  hundred  degrees  Fahrenheit, 
and  must  be  maintained  at  not  less  than  this  temperature  during  the  time  of  dipping. 
The  material  will  thicken  and  deteriorate  after  a  number  of  pipes  have  been  dipped  ; 
fresh  pitch  must,  therefore,  be  frequently  added,  and  occasionally  the  vessel  must  be 
entirely  emptied  of  its  old  contents  and  reGlled  with  fresh  pitch  ;  the  refuse  will  be 
hai'd  and  brittle  Uke  common  pitch. 

5th.  Every  pipe  must  attain  a  temperature  of  three  hundred  degrees  Fahrenheit 
before  removed  from  the  vessel  of  hot  pitch.  It  may  then  be  slowly  removed  and 
laid  upon  skids  to  drip. 

All  pipes  of  twenty  inches  diameter  and  upward,  will  remain  at  least  thirty  minutes 
in  the  hot  fluid  to  attain  this  temperature. 

6tli.  The  application  must  be  made  to  the  satisfaction  of  the  Fmgineer  of  the 
Brooklyn  Water  Works,  and  the  material  be  subject  at  all  times  to  his  examination, 
inspection,  and  rejection. 

7th.  PajTuent  for  coating  the  pipes  will  only  be  made  uii  such  pipes  as  are  sound 
and  sufficient  according  to  the  specifications,  and  are  acceptable  independent  of  the 
coating. 
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8th  No  pipe  to  he  dipped  untU  the  authorized  inspector  has  exammed  ,t  as  to 
cleaning  and  rust,  and  subjected  it  thoroughly  to  the  hammer  proof.  It  may  then 
be  dipped,  after  which  it  will  be  passed  to  the  hydrauhc  press  to  meet  the  required 
water  proof. 

The  proper  coating  wiU  be  tough  and  tenacious  when  cold  on  the  pipes,  and  not 
brittle  or  with  any  tendency  to  scale  off. 

9th.  Where  the  coating  of  any  pipe  has  not  been  properly  applied,  and  does  not 
give  satisfaction,  whether  from  defect  in  material,  tools,  or  manipulations,  it  shall  not 
be  paid  for  ;  if  it  scales  oflf.  or  shows  a  tendency  that  way.  the  pipe  shall  be  cleansed 
inside  before  it  can  be  recoated  or  be  receivable  as  an  ordinary  pipe. 

Engineer's  Office,  Brooklyn,  N.  Y.,  My  10,  1862. 
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RAIN    RECORD    FOR   FLAT  BUSH. 
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RECORD    OF   RAIN-FALL   AT   FORT  COLUMBUS, 
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RECORD  OF  RAIN-FALL  AT  FORT  HAMILTON,   N.  Y. 
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APPENDIX. 


STATISTICS  OF  THE  BROOKLYN  WATER  SUPrLY. 


YOBTB. 


toHr  Contuiiipiiun 
nf  Woltt 
Id  cublD  fftsl. 


1850  

1800  

18C1  

1603  

1863  

18C*  

1805  

1806  


440,22*1 
543,332 
671.248 
807.692 
1.0C0.180 
1,234.323 
1,157,824 


Huinber  of 

Wnlor  Pll" 
Lnlil. 


123.  mo 
145. 

157  >" 
165.1" 

171.1*' 

176. 

183.i»' 


AvrngD 
uomliiT  •>( 
Tnps 
Id  usd. 


9.302 
12,866 
15,105 
17.145 
18.935 
20,383 
22,244 


Pumping  EipoiiEPS. 


AdiiilQLitrnll"Q  o( 
Ihp  wiirka,  Si. 


Totul  EspendiiuroB. 


$151,624  28 
20,047  33 
25,386  11 
40.406  35 
67.679  81 
04,875  89 
87,696  50 


$44,882  32 
50.841  69 
46,610  75 
64.620  64 
61.640  42 
72.702  39 
78,804  40 


$64,506  60 
70.669  02 
71.996  66 
95,026  99 
129.220  93 
137.578  28 
167.500  90 


Annual  RccnipU 
ftam 
Wator  Bales. 


$256,400  49 
239,355  62 
303,295  93 
3G2.749  80 
386.410  08 
419.106  32 
402,619  04 


POPULATION.  ASSESSED  VALUE  OF  EERSONAL  AND  REAL  ESTATE,  AND 
TAXES  OF  THE  PRESENT  CITY  OF  BROOKLYN. 


POpUlUtlOQ. 

iDOrmo 
In 

llTO  yoaw. 

ASBISIUll  Vuliio 

III  personal 
and  Real  &UiLa, 

183B' 

27,854 

29,349.900 

1840 

42.622 

63  per  cent. 

28,645.499 

1646 

73.769 

74   "  " 

28.076,591 

U.  S.  Cenraa.   

1850 

130,757 

60    ■•  " 

41.016,539 

1855t 

205.260 

67    "  ■' 

94,791.215 

1.532,092 

V.  8.  Ccusua.  - 

1860 

260,714 

80    ■■  ■• 

103.680,566 

1.969.794 

1  1865 

290.1121 

11    "  " 

123,427,840 

3,795,985 

Number  of  dwollings,  i860,  30,578.   FrodactdTe  eatablisliiueuta,  911. 


•  nr»l  charier  granloJ  lo  BrooUyn, 

t  ^iiii]  cliortu  graaU'O.  locuriK.riilug  Wllllnnuiburgb  ana  Builiwlck  with  Brooklyn. 

•  Hic  lull  OBDtiu,  It  luopvrlr  Mnn,  woald  luiv«  giran  a  muDh  Urgsr  i>opulallnD.   AI  Ibo  prcsont  timo  the  papulUlon  cannol  bn  rnr  trom  360,000. 
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